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Eightb Anniial Chmenl Mating. 


The Eighth Annual General Meeting of the National Inetitute of Sciences 
of India WBB held at 3-30 p m on Friday, the let January, 19434 m the Pure 
Chemistry Lecture Theatre of the University College of Science, 92 Upper 
Circular Road, Calcutta 


The following Fellows were present — 

Praf J N Mukhorieo, Vice Prettident, tn the Chair 
Mr D. Wadia, Additional Vice-Prestdeni 
Mr W D WoBt. 

Rai Bahadur l>r 8 L Hora, Editor of PuMioattonn 
Prof 8 P Agharkar, Honorary Secretary 


Eai Bahadur Dr* K N Bagchi 

Dr J K Buru 

Mr R C Bose 

Dr J A Dunn 

Prof J Ohosh 

Dr R B Ul 


Prof B B Ray 
Prof P liay 
Dr, P B Sarkar 
Pnniupal J M Sen 
Dr S O Strkar 
Dr A 0 Ukil 


Mr* R T Vttohell 


The meetmg was attended also by visitois 

In the unavoidable al>sonoo of the President, Dr B Prashad, Prof J N 
Mukharjee, one of the Vice-Presidents, took the Chair 

1 The minutes oi the Eighteenth Otdmarv (^neral Mtsetmg, held on the 
5th October, 1942, were read and confirmed 

2 The following Qrdinaiy Fellows signed the duplicate Obligation and 
were admitted as FellowB as per Buie 13 — 

Dr* J K. Basil* 

Mr B C Boss 
Mr* E T VaohsU 

3 The Chairman appointed Principal J M Sen and Mr W D West 
to act as aorutineers of the ballot papers received for the election of Officers 
and Members qf Council for the yeai 1943* 

Hie following were declared elected Officers and Members of Council for 

the year IMS:-- 

Dr J* C Ghosh, Bangalore 

Vioo-Prmdeni 9 Prof 8 K Mitra, Caioutta 
Mr D. N Wadia, Colombo* 

Trmeur$r Rai Bahadur Dr K N* Bagohi, Calcutta 

Foreign Smotary Prof J N Mukherjo^f Caioutta 

SwckKrUo: Prof* P Agharitar, Caioutta. 

Dr* C e Pox, Caioutta 
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RIOHTR AXKrAL GBtlllBAL WBBTIKO 


Editor of Publications Kni Bahadur Dr S L Hora, Calcutta 
Members of Council Dr K Ba^cheo, Dohra Dun, Sir S S Bhatnogar, l>elhi, 
Dr F H GravcU, KcKiaikanal, Prof B C Oulm. Calcutta, Dr B S Ouha. 
BoiiartM Dr M Inhaq, Aligarh. Dr D 8 Kothan, Dolhi Prof K O Naik 
Baroda.Prof V V Narlikar Bonartw, Principal P Panja, Cuttot k, Dr F G 
Porcival, JaniHhedpur, Dr K R Ranianathan. Poona Mi B Rama Rao 
Bangalore, Prof P Ra>, ralciiita, Prof M R Siddiqi Hyderabad Dn , 
Dr N R Sui Calcutta. Dr K Vonkatar/wnon, Bomba> 


4 The Annual Report for the vear 1942, prepared b\ the dounoil. 
together with the audited statement of aeeonntfl and budget ostimatee of 
income and expenditure for the yoai 1943, which was read out b\ the Honoiar\ 
Seeretary, was approved 

5 At the request from the (?han the Honoiarv Secretary read out the 
Annual Address of tlie President, l>i B Prashad, entitled * Conservation of 
wild life m India ’ 

6 The Chairman moved that the felioitations of the National [nstitute 
be offered to Dr J C Ghosh who had been eleetod to be Piesident for the 
vear 1943 and on whom the honour of Knighthood had been conferred, and to 
Roo Bahadur B Viswanatli who had received the C I K m the new vear’s 
Honours list 

The lesolution was passed with acclamation 

/ 

With a \ ote of thanks to the Chau the meeting terminated 


IB 
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ANNUAL REPORT 

Tho Council of the National Tiistitiito of Sciences of India have pleasure 
in submitting the follo\^ing loport on the general <*oncomH of the Institute for 
t he yeai 1942, as loquired hv tho provisions of Rule 48(/) 

Membership 

The number of Fellows on the toll of (he Institute at tho beginning of 
the year was 179 Ordinary Follows and 23 Honorar> Fellows Thirteen 
Ordinary Fellows were elected during t he year in accordance with the* j>ro<‘odur<j 
laid down in tho Kegulations One Oi<liuaiy Follow resigned, and one 
Ordinaly Fellow and one Honoraiy Ft How died during the yoar Tho total 
number of Follows on tho loll at the end of Uuj year is 190 Ordinary Follows 
and 22 Honoraiv Follows Of tlm 190 Ordinal \ Ftdlows 8 aio non-iesident 

Meetings 

The So\onth Annual (lentoal Meeting was hold in tJie Coritial Hall of the 
Jiaioda College, Baioda, on t he Isl JanuaiY, 1942 Anattouiit of tin mtteting 
was published m t ho Proceedings, Vol VllI, No I, pp 5-7 

Owing to \ roublous situation of tho tonniry it was ruit possible to arrange 
many Ordinary (hnoial Mo<^1lngB for tiiscussiun during tlu year Onlj^ one 
meeting was held in the looms of th<» Royal Asialu Sot wty of Bengal, 1 Park 
Street, (’Jalciitta, on the 5th Ottober, 1942 Some oi the papeis read at this 
meeting have alieadv been pnldished in tho Proreediiigs, Vol VIIJ, No 3 
and tho lest an» in course of publitation 

The Council 

Tho ofli<‘eis and membeis of Count il tor the \eai 1942 wiic elected at 
the Sevontli Annual Mooting held on tht» 1st Jannan, 1942 The Council, 
togethei with the re])re«entativos of the <ti-oisuatiug Atadomios, the Indian 
ScioiM'e Congress Association and tlio Go\enimout of India, was constituted as 
follows — 

g^reatdeni Dr Boini Pnwhad 

Vtee-PreBuientB , , Prof J N Mukliorjoe 

Dr C W* B Xormand 

AddihetuU Vioe^Prendents Prof K S Knshnan 

H R Mohra 
Mr D N Wadia 
Mr W D West 



ANNUAL BBPOBT 

Dr, B B Chiha 
Dr J U GhoAh 
Prof 8 V Aifharkar 
Dr C 8 Fox 

Rai Bahadur i>r 8 L Kora 
Rai Bahadur Dr K N Bagohi 
Sir 8 8 Bliatnagar 
Dr F H Gravoly 
Dr M iBhaq 
Or D 8 Kothan 
Dr M B Knaluian 
Prof G Matthai 
Prof V V Narhkai 
Princ ipal G R Faranjpo 
Pnnoipal P Panja 
Dr F G Porcival 
Prof M Qurewhi 
Di K K Hamaiiathan 
Rao Bahadur G N RangaBwaini Ayyangar 
Prof M R Siddiqi 
Dr N K Bur 
Mr F Ware 

Brevet Col Sir R N Chopra 
Sir LewiH Fennor > JCx officto 

Prof M N Saha 3 

tctl Dr D M BoHe 

Prof P C MahalanobiM 
Prof 8 K Miira 
Km Bahih Dr P L Snvantava 

Dr B 8 Quha resigned his appointment ot Treasurer on the 21at Joly, 
1942, owuijt to transfer ot his office outside Calcutta Prof J N Mukherjee, 
a Vice-President oi the Institute, was appomted to aot as Treasurer m place 
of Dr B 8 Oiiha 

The Council held five ordinary meotin)^ during the year Finding it 
difficult to obtain a quorum for a mootuig during the prevailing disturbances 
m the country, tho Council’s proposal for appointing a committee consisting 
of tho two Honorary 8eoretane8, Treasurer and Rai Bahadur Dr 8 L Hora to 
aot on behalf of the Council in consultation with tho President was approved 
at the Ordinary Ooneral Meeting held on the 6th October, 1942 Thu 
Committee met thrice dunng the year. 

OommUtea 

The Sectional Committees are given m Appendix III 
PiMteationa 

Three numbers of the Procetdingt and two numbers of the TrmuaeUoiu 
were pubbshod during the year 

In a circular letter on tho subject of economy of paper issued dunng the 
year the Government of India suggested that Associations might dwemtinne 
oortam periodical publications during the penod of the war and revue thear 
publication programme 


Trmgurer 
Fort%gn Secretary 
Secretarxee 

BdUor of Puhhoattone 
Members of Ootmml 


AHdUtonal Members of Coun 
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The Oounoil coiuidered the Hituation carefully and have decided that it 
wag not desirable to curtail the printing of the Proceedings^ which in these 
days have become one of the chief means of scientific communications They, 
however, agreed to suspend the publication of the Indian Science Abstracts 
after completing the volumes for 1938 and 1939 which are in the press The 
printing of these could not be completed during the year owing to various 
technical difiSculties The Indian Science Abstracts for t he subsequent years 
will, however, be prepared and kept in typescript in the office of the Institute, 
with a view to future publication It is proposed to earmark funds for this 
purpose The whole quest ion will be carefully considered at a later date 

Exchanges 

Three additional Institutions were plaoed on the distribution list for the 
pubhoationa of the Institute bringing the total number on tlie list to ninety- 
eight 

Library 

Two hundred and seventy-three paits of periodicals and reprints were 
added to the library during the year 

Presents and Donations 

The following grants-in-aid were made to the Institute (lining the year — 

(1) Rs 600 from the Calcutta Umvor8*ty 

(2) Rs 300 from the Osmaiua Umveisity 

(3) Rs 200 from the Dacca Umver8lt^ 

The Qovernment of India made their ordinary grant of Rs 6,000 to the 
Institute and expressed their inability to give the enhanced grant of Rs 7,000 
for the year A grant of Rs 600 was recenod from the Panjab University in 
connection with the printing of a pajier by Di Visliwa Nath in the Transactions 
of the Institute 

Finance 

An audited statement of accounts of the Institute for the period from 
Ist Deoembor, 1941 to 30th November, 1942, is submitted {vide Appendix IV). 
The total ordinary receipts for this period are Rs 16,617-2-0 (inclusive of the 
Government of India grant of Rs 6,(K)0) and the ordinary payments are 
Rs 12,161-13-9, leaving a balance of Rs 3,435-4-3 A further sum of Rs 160-0-0 
was reabzed on account of admission fees 

A Ctatement, showing the donations, other than recurring annual grants- 
m-aid, together with compounding fees and admiaston fees received and their 
investments since 1936, is given m Ap|iendix V 
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At iho beginning of the year the i'mh pOBiticn of tlie Institute was as 
follows — 


Bs A F 


In Savings Bank aoeount 
,, Government jiaper 
„ Curnmt account 
,, hand 


5.713 9 0 
40.0(K) 0 0 
4,818 12 9 
14 3 0 


Total 50,548 8 9 


At the end of the voai, however, the cash position was as sliown belov — 


In Savtngb Bank account 
Government papei 
Current account 
„ hand 


Rs A F 

5,757 4 0* 
40,000 0 0 
8,383 8 8 
1 0 8 


Total 54,141 12 0 


Appjdwoiojcs 

X List of Fellows 

It Abstract FrooeedingH of the Ooimcil 

III Commtttee^, 1049 

IV Audited statomoat ot accounts, Dec 1941‘-Nov 1042 

V Statement showing donations etc received and investmetits 
VI Budget Estimates, Den 1942-Nov 1943 


* [ncludes A stun of Rm 3,275-0-8 on account of the Pormanent Fund 



APPENDIX I 


LIST OF FELLOWS. 


ORDINARY KRLLOWH 


1 Vbuauaji, Lt Col W E V.AHCS (I), FQS,M In«t P T , Senior Geologist 

Burxnah Oil Co , Ltd , Burma, Khodaung, Magwe, Burma (1930) 

2 Aohabkab, S P,MA, PhD,FLS, Ghoso Professor of Botany, Caloutta 

University, 35 Ballygunge Circular Road, Calcutta 

.3 Ahmad, Nazis, O B E , M Bo , Ph D , Director^ Indian Central Cotton Committee's 
Teolmologica) Laboratory, llilatiiuga, Bombay 

4 Aiyah, R Gofala, M A , L T , M Sc , University ProfesHor of Zr»ology and Director, 

Univorsity Zoological Laboratory, Madras (1938) 

5 4,jRnJCAS, S L , B A , I E S (Retd ), Bhandarkar Institute Road, Poona 4 

0 Anano A Rao, K , Rao Bahadur, M A , I E S , Professor of Mathematics, Presidency 
Collage, Madras 

7 \aH W 0 , B,Bo , M Inst C E , A M1 Meoh E , Bengal Club, Calcutta 
H \UDSiN, tl B , M A (Cantab )»Geologist, Geological Survey of India, Indian Museum, 
Calcutta (1938) 

9 VwATt, P R,BA,D1C,1EB, Professor of Zoology, Royal Institute of Sciouoe, 

Mavo Road, Bombay 1 

to Baoohujc K D , D So , D I 0 Mycologist Imperial Forest Research Institute, 
Dehra Dun, U P 

11 Baooui, K N , Rai Bahadur, BSc,MB,DTM,FIC, (^^homical Examiner to the 

Govorfimont of Bengal and Professor of Chemistry, Calcutta Medical CoUe^, 
(^aloutta (1940) 

12 Baku, K N , D So , 1) Phil, Professor of Zoology, Lucknow University, Lucknow 

13 Bahriuhjb, K , D Sl , Reader m Physios, Dacca University, Ramna, Dacca (1939) 

14 Banurji, a C,MSc,MA,FRAS,IES, Professor of Mathematics, Allahabad 

University, Allahabad 

16 Bahfbji, S K , D Sc , Director, Upper Air Observatory, Lodi Road, New Delhi 

10 Babdhan, J C , D So (Cal A Lond*)> Lecturer m Chemistry, Calcutta Umversity, 

92 Upper Circular Road, Calcutta (1942) 

17 Basu, J K , M Sc , Ph D , Soil Physicist, Sugarcane Kesearoii Institute, Fodegoon, 

F O Nira R S , Dt Poona (1941). 

18 Bisbson, C F Cm O.I E , D So , Thames House, near Eynsham, Oxford 

19 Bbhabi, Rax. M A , Ph D > Reader m Mathematics, Delhi University and Professor, 

St Stephen's College, D^hi (1941) 

80 Bbabha, H j , Ph D , F R S • Visiting Professor, Indian Institute of Science, 
Bangalore, Mehrangir, Little Gibbs Road, Malabar Hill, Bombay (1941) 

21 Bhabadwaja, Y , M So , Ph D (Lond ), F L 8 , Professor of Botany and Head of 
the Department, Benares Hindu University. Benares (1987). 

28 Rbabdcba, F R , B a , B.So , M Sc , D Sc , Professor of Botany and Head of the 
Department, Royal Institute of Science, Bombay (1930). 

28 Bbaskaba Skabtri, T P , Rai Saheb, M A, F R A.B . Director, Ntsamiah Observa 
tory, Hyderabad (Deccan) 

34 BaATMAOAB, SxB 8 S , Kt. QBE, D.Sc , F I.C , F Inst F , Director of Scientific and 
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17 Lawriskob, B O , Radiation Laboratory. California Umveriaity. Berkeley. USA 

18 Mabshall, Sib Gov A K.OMG.FRS. Direotor. Imperial Institute of Bntomo 

logy, London 

10 Robinsok, Siu Robubt, D Sc , F K S , Waynflete Professor of Organic Chemistry 
m the Dyson Pemns Laboratory, Oxford Univeisitv 

20 Kusbbll, Sib K John, D Sc , F R S , Director, Rothamsted Agricultural FjXpori 

mental Station, Harpenden, Herts. England 

21 SaBBBiNOTOM SiR Cbablbs S . O M . G B E NX , F R S , Formerly Waynilete 

Professor of Physiology m the Umversitv of Oxford, Broomside, Valley Road, 
Ipswioh, England 

22. WamroN, C M.CMG,CBE,FRS. Director-m-ohief, Welcome Bureau of 
SoientiEo Research, 183 Euston Road, London, N W 1 


APPENDIX H 

ABSTfiAOT PBOOIOifimNGa OF THE OOONOU., I 


^These abstraotn of the prou^octings ol the Council relate to questions doall 
with which are likely to be of lutorest to Fellows Routine inatteis and mattern 
which are under consideration are not included ] 

1 It was resolved to modify the existing regulations regarding jpreparation ol 
papers for the TranBocitoru and Prooeedtnga of the National Institute as mllowsi- 

(ij Date of publication should be printed directly after tho author's name 
(ii) The word * Vol ’ should be omitted 

(ill) The Vol No in arabio numaraJs should be prmterl in hold typi* 

(iv) The word * pp * should be omitted (5*3 42) 

2 The General Editor placed before the Council a statement showing the payment 
made to diflorent Associate Editors for collecting abstracts of their sections and the 
matter prmted off He suggested tliat it would be better to base the payment on the 
matter actually reoeived instead of the lump sum paid pet subject 

It was resolved, after discussion, to sanction ^yment at the rate of Rs 3 per prmteif 
page per section If in any section the matter printed exceeds 50 pages, the question 
of additional remuaeration was to be referred to the Council for decision (15 4 42) 

3 After ooasidenng the oucular letter from the Government of India, Department 
of Oommeroe, regarding economy in the use of paper, it was resolved— 

(i) that it was not desirable to discontinue the Institute's Vroeudt^ngB and 

ZVonmfiofis, 

(ii) to oomplete the volumes of /ndtan Sotenoe AbBtraeta for 1038 and 1089 only, 
(ill) to dew printing of the abstracts for 2940 onwards until after the war, the 

troewntten copy being kept ready for reference m the National Institute’s 
ofaoe, and 

(iv) to infonn the Government of India of the steps taken to economiEO in the 
consumption of paper (5*10«42) 
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APPENDIX III 

COMMITTEES, 1943* 

SECTIONAL COMMITTEES 


(1) ' Mathematioa' Committee for MatheonatiCB, Astronomy and Geodesy — 


To serve until 
Deo 81 


Di S K Baiiorji (b<Kiretarv and Convenor) 1943 

Prof V V Narlikar 1943 

Prmoipal B M. Sen 1944 

Prof P C Mahalanobi<4 1944 

Prof 0 V Hanumantha litio 1946 

Prof N R Sen 1946 

(2) * Physios' OnmmittcM) for PhysKvi and Meteorology — 

Prof P K Ktoiilu 1943 

Prof fi B Ray 1948 

Or N K Sur 1944 

Dr D S Kotlian 1944 

Prof S K Mitra (Soorotarv and Oonvener) 1945 

Dr K K Ramanathan 1946 

(8) Chemistry’ Committee for Pure and Applied (Chemistry — 

Dr K Venkatamman 1943 

Prof M Qureshi 1943 

Dr J K Boflu 1944 

Prof B C Oulia 1944 

Prof J N Mukherjee (Secretary and Convener) 1946 

Prof K O Naik 1946 


(4) ’Engmeeritig Suonoes’ Comirnttee lor Rngineermg. Metallurgy, Eleotro- 
teobnics and kindred subjects — 


Dr F G Poroival (8eorel4iry and Convenor) 1948 

Mr W 0 Ash 1948 

Dr Gilbert Fowler 1944 

Mr D Hendiy 1944 

Prmoipal H P Philpot 1945 

Dr N K Bose 1946 


(6) *GkK>logy’ Committee for Geology* Pal»ontologv* Mineralogy and Geography 


Mr D X Wadia 1948 

Mr E B. Pinfold 1943 

Dr M S* &i8lman 1944 

Mr J, B Auden (Seorstary and Convener) 1944 

Mr B Rama Rao 1946 

Mr V P Sondhi 1945 


(6) Botapy* Committee for Pure and Applied Botany, Forestry and Agronotnyi— 


Prmoipal P Parga (Sooretary and Convener) 
Prof. S B Bose 
Prof. S. P Agharkar 

Rao Bahadur G X Rangaswami Ayyangar 
Prof S L AJrakar 
Dr A C J^l 


1943. 

1943 

1944 

1944 . 

1945 . 
1945 . 
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(7) * Zoology* (*otumittoe foi Puro anil Applied Zoology and Anthropology 
inoludiiig Ktlmology *— 



To Herve until 


Dee 81 

Dr B S Ouha 

. 1043. 

Dr H S Prutlu 

1943 

Khan Baliadur M iVfsal Husain 

. 1944 

Prof B Gopala Aiyar 

1944 

Prof O S Ohurye 

104.5 

Dr S L Horn (Secretary and Convenor) 

1945 


(H) ^PJi^uolog^’ Oomnuttoo foi Animal Physiology* i*athology, Bautenologv* 
Peyc^oiogy and other Medical and Veterinary aubjeote — 


Sir U N Bralimachari 

1944 

Major General J Taylor 

1943 

Dr K N Bagrhi 

1943 

Mr F Ware 

1944 

Lt Col 8 S Sokhey 

1944 

Prof N N Sen Gupta 

1044 

Dr B B Dikflhit 

1045 

Dr K V Knnhnan 

1945 

Dr A 0 Ukil (Secretary and Convener) 

1946. 
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APPENDIX VI. 


BUDGET ESTIMATES 



1941-42 

1941-42 

1942-43 

Ordinary Receipts 

Estimates 

Aotuids 

Estimates 


Rb 

Bb 

Kb 

SubacnptionB 

6,600 

6,178 

6,400 

Interest 

Contributions iowarcbt publiration of 
'Indifui Soionre Abstracta' 

Sale of pubboatioUH including "Indian 

1,600 

1,628 

1,660 

100 

50 

50 

Science AbstractH" 

500 

266 

20« 

Grants-m aid from Universitios 

1,000 

1,000 

l.flOO 

Grants-m aid from Qovnrnniont of India 
Grants towards publication of papers 
MisceUanooufl Receipts 

7,000 

6,000 

500 

6 

6,000 

Contributions from Openmg Balance 

»,800 


2,726 

Badraordinary Receipts 

10,400 

16,617 

18,025 

Admission Fees • 

Ordinary Payments 

320 

160 

AIG 

Salaries and Allowancns 

Publications other tlian * Indian Science'^ 

3,300 

2,472 

2.000 

Abstracts* and Circulars > 

^Publication of" Indian Science Abstracts’J 
Honoraria, etc for preparing abstracts for 

12.000 

6.749 

7,000 

6,000t 

‘Indian Scionoo Abstracts* 

Contributions to co-operating Academies 

1,000 

260 

1,000 

under Rule 19 

1,200 

1,104 

1,200 

Postage 

000 

393 

6(m 

Stationery 

150 

85 

100 

Audit Fee 

50 

50 

50 

Travelling 

400 

250 

250 

Office Rent 

600 

600 

600 

ARP Expenses 

Miscellaneous Exfienses (including Bank 


75 

76 

chai^) 

Balance credited to General Fund 

100 

154 

3,436 

150 

Sntraordincny Payments 

19,400 

15,617 

18.025 

Funding of Admission Fees 

320 

160 

416 



“ ■ ■■ 



* Additunial provinon hu boon made to nover the me ro at e d ooiit of paper and 
publioationa 

^ Thia autia la aei apart for oompleting ‘Indian Sciflooo Abatraota’ for 1038 and 1039 





Annual Address to the National Institute of Sciences 

of India. 

CALCUTTA. X943 

By Db B Pbashau, 0 BE , D 8c , FR8E,FLS,FRA8B 
CONSERVATION OF WILD LIFE IN INDIA 
I Gbkeral 

I rogret to have to start my short address this year with an apology to 
the Fellows of the Institute for not being able to devote sufficient time to the 
activities of the Institute, but this was rendered impossible by circumstances 
over which I had no control The headquarters of my Department were 
suddenly shifted from Cahaitta to Benares, and owmg. firstly, to my bemg so 
far away from the headquarters of the Institute at Calcutta, and. secondly, 
the pressure of official duties 1 could spare very little time for the work of the 
Institute In fact, forosoning that somethmg like this was likely to happen. 
T had groat hesitation m agreemg to carry on as the President of the Institute 
durmg 1942, but my colleagues on the Council did not agiee with my views 
and I was left with no choice except to fall m with their wishes Under the 
circumstances. I am afraid, I have been the President of the Institute in name 
only, at least during the gieatoi part of the year 

Since the last mooting at Baroda the affairs of the Institute have been 
progressing more or loss satisfactorily, and notwithstandmg 
the great stress due to the world war, the unfortunate 
disturbances m the oountry, as also the consequent economic 
conditions, there has been no great change in our material prosperity during 
this penod The annual grant from the Govormnent of India, as is explamed 
later on, was reduced to its 1040 figure and we have not received any fresh 
donations during the year, but it is to be hoped that these are only temporary 
setbacks and that the Institute will, with the return of normal conditions, 
begm to receive more active support both from the Central and Provincial 
Governments, the Universities and the well-wishers of science all over the 
country The record of our activities durmg the past year, as detailed m the 
Annual Report, is a matter of satisfaction and reflects great credit on the 
administrative officers and the Council for the very careful way in which 
the affairs of the Institute have been handled dunng those critical times 

The number of Fellows on our roll at the bogmnmg of the year was 179 
Ordmary Fellows and 23 Honorary Fellows At the end of 
the year this number stood at 177 Ordmary Fellows and 22 
Honorary Fellows Durmg the year one Ordmary Fellow resigned, and the 


Activities of 
the Institute. 


Fellows. 
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Institute lost one Honorary and one Orclmary Fellow by death As was stated 
in my addroas last year, the number of Fellows of the Institute, considering the 
prevailmg conditions of the country and the statutory limitations in regard 
to new elections, la aatiafaotory The change m the ruloa, which was adopted 
in the Benares meeting of 1941, has made it possible to increase the annual 
number of Follows to be elected from 10 to a number not exceeding 15, 
dependent on the vacancies occurring durmg the piovious year by resignation, 
death, or otherwise, until the maximum of 250 is reached As a result of this 
change thirteen Ordinary Fellows were elected in 1942 

Owing to the unfortunate aituation prevailing m the country only one 
Gkmeral Meeting was held at Calcutta in the rooms of the 
Mtitirte**'* Royal Asiatic Society of Bengal on the 5th of OHober, 1942 

Another meeting was proposed to be held m Benares, but 
for various reasons the arrangements for the meeting could not be completed, 
and the Council was obliged by the xirevailmg oonditiona to give up the idea 
of holding the proposed meotmg at Benares or at any other <*entre in i)u« 
country It is hoped that during the present year londitions will change 
materially, and it would be possible to arrange for more meetings of the 
Institute at various centres 

The Council for 1942 was elected at the Seventh Aimual Oeneial Mooting 
Council Baroda on the lat January, 1942, and with only one 

change, served throughout the year The change was duo to 
tho resignation of Dr B 8 Guha, our Honorary Treasurei, who resigned 
owing to the transfer of his ofSco from Calcutta, and I am grateful to Prof 
J N Mukherjee, one of our Vioe-Prosidents, for so kmdly agreeing to take over 
the arduous duties of the Honorary Treasurer The Council Iield five meetings 
during the year At its meetmg of the 5th October, 1942, il was resolved to 
appoint a Committee consisting of tho two Honorary Secretaiios, the Honorary 
Treasurer and Rai Bahadur Dr S L Hora, Editor of Publications, to act on 
behalf of the Council in consultation with the President, tlio decisions of the 
(Tomnuttee were to bo reported subsequently by post to the members of ibo 
Council for information This course was rendered necessary, as owing to the 
abnormal conditions prevailing m the country it was found difficult to have the 
necessary quorum at the meetings of tho Council The proposal was approved 
at the Ordinary General Meetmg held on tho 5th October, 1942, and the 
Committee has been carrying on the work of the Institute very satisfactorily 
I have to express my grateful thanks to the very efficient way in which the 
members of the Committee have carried on the work of the Institute smee 
this date 

Three numbers of the Proceedings and two numbers of the TraneacUma 

PubUcatleni. published during the year Considering the 

very unsettled oonditimia m the oountry and the difflAnltioa 
for obtaining the necessary amount of paper for our publications this rocord is 
very satisfactory The Feliows of the Institute, I am sure, realise the heavy 
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work involved m the editing of our pubhcations and aeeing them through the 
press, and join with me in expressing our gratitude to Bai B^adur Dr S L 
Hora, the Editor of our publications, for his work m this eonuection We are 
also grateful to our printers, Messrs Baptist Mission Pioss of Calcutta, for the 
expeditious pnntmg of our pubhcations Printing of pubhcations, owing to 
the groat scarcity of paper in the country, is likely to be a difScnlt matter 
hereafter, but it is hoped that it will bo possible to continue to issue our 
pubhcations even though at a reduced rate If it is at all necessary, the Council 
should approach Govemmonl for giving the Institute special priority for 
obtaining nceossary quantities of paper for its pubhcations 

The Government of India unfortunately found it impossible to sanction 
the mcrefasod grant of Rs 7,000 for the cuircnt financial year, and this, owing 
to the groat increase in the ]uices of paper and printing, has meant a great 
strain on the meagie funds of the Institute It would be a very serious matter 
indeed if for want of funds oi any other reasons the Institute is obliged to 
stop or curtail its publications beyond a cei tain limit It is, therefore, hoped 
that the Govommeni will kindly leconsidcr the position next year and give 
us an increased grant to make it possible for us to continue our publications 
and thereby provide a medium of publication foi the daily me leasing output of 
soientifio research m the c ountry 

In my addioss, last year, I directed attention to the impossibihty of the 
work of the publications of a learned society like ours being earned on by any 
one c^ditor without the active* belji and support of a number of workeis all over 
the c’ounti y I also remaiked that for a wwk like the Indian Setmee Abstracts 
it 18 essential to have a permanent staff for the timely preparation and publica¬ 
tion of the Abstracts Unfortunately, the prevailing conditions m the country 
did not make it possible for the Council to appoint any additional staff, and 
further, our Assistant Secretary, Mr C 0 Bateman, who had been so efficiently 
looking after our pubhcations, was also not available owmg to ill-healtli during 
the major part of the year This has been responsible for a certam amount of 
delay m our pubhcations 

During the year under review, the Government of India in a circular letter 
on the subject of economy of paper, suggested that Associations may dis- 
eontmue certain periodi<*aI publications during the war and revise their 
publication programme The Council of tko Institute, after careful con¬ 
sideration of this proposal, decided to suspend pubhcation of the Indian Saence 
AbHracts, after completing the volumes for 1938 and 1939 which arem the presB, 
until after the war The preparation and compilation of the Indian Science 
AbsimeU for the subsequent years, however, will bo continued and the typeaonpt 
kept in the office of the Institute for reference by Fellows 

The preparation of a Qumquonmal Review dealing with the progress of 
seianoe in the country could not also for the same reasons be taken up during 
1942 I am afraid, this undertaking will have to be postponed till more 
prqpiticmB times 
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The financial position of the Tostittito is detailed m the Balance Sheet 
Finances appended to the Annual Repoit Our expenses, as will hi) 
seen from the Balance Sheet, are defimiely on the lugh 
side, more particularly m connection with our publications This, as I remarked 
last year, is a very serious matter, more particularly as the cost of pubhcaiion 
la increasing from day to day, and tho institute has, as already noted, not 
only not received any fresh gi ants-m-aid, but the increased annual grant 
which was sanctioned by the Government of India last yeai, has also b(^on 
reduced to its previous figure of 118 6,000 In addition to the Government 
of India graut tho Institute received the followmg grants during the year — 

(1) Rs 600 from the Calcutta University 

(2) Rs 300 fiom the Osinania University 

(3) Rs 200 from the Dat ca Umvorsiiy 


These annual grants are hardly enough even foi maintaining the ordinary 
activities of the Institute, and tho Cotmed will soon have to approach the 
Provmoial Govommenis, and other Umversities m the (oimtry for sanctionmg 
gr<Miis-in-aid if tho Institute is to carry on its wot k satisfactorily As a measun> 
of economy the Council have decided to dispense with the services of our 
Assistant Societary, Mr C O Bateman, from tho beginnmg of 1043, and not 
to fill up the post for the duration of the wat This i/vill mean a groat deal of 
extra work for oui executive ofiiceis, but tho Council faced with a material 
reduction in our mcome and the mcroasod expenses has rightly taken this step 


Tliere is very little to comment upon m tho way of development of 
scientific research m the country to what I stated in my 
Sc^ntifle * address last year, but attention may bo directed to the foot 
search In the urgent war requirements a groat deal 

Country. attention has been paid durmg the year to axipbed 

scientific* and mdustnal research Scientific research m 
basic scionoob has generally been relegated to the background while the pre- 
vaihng conditions in the country durmg the year made it impossible for workers 
and teachers being able to devote sufficient time or attention either to research 
or the toachmg of science Special mention may here bo made of a further 
development m the constitution of the Board of Scientific and Industrial 
Research and the Industrial Utilization Committee which were established by 
tho Government of India m 1940 for co-ordmatmg and generally exercising 
administrative control over tho ever-expanding activities of these two organka- 
tions The Government of India have recently constituted a Governing Body 
of Iho followmg (1) the Hon*ble Member of the Council of His Excellency the 
Qovemor-Gonoral in charge of the portfolio of Commerce {Bhc~offic%o), (2) a 
representative of the Commerce Department of the Government of India, 
appointed by tho Government of India, (3) a representative of the Fmanoe 
Department of the Qovommont of India, appomted by the Government of 
India, (4) two members of tho Board of Scientific and Industrial Researoh 
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elected by the eaid Board, (6) two members of the Industrial Research 
Utilization Committee elected by the said Committee, (0) the Director of 
Scientific and Industrial Rt^seareh, and (7) one or more members to bt^ 
nommaled by the Government of India to represent mterosts not otherwise 
represented The fund ions of the Boaid have been further elucidated, and 
it has also been decided i hat a fund, viz , the Industrial Research Fund, should 
be constituted by grants from the Central Revenues to which additions will be 
made from time to time as funds lieioine available from other soiiices These 
‘other soul res* will comprise grants, if any, by Provincial Governments, by 
industrialists for special or general purposes, (ontnbutions from Umvorsities 
or local bodies, donations or benefactions, royalties, etc , received from the 
development of the results of industrial research, and nuscellaneouR receipts 
The Council of Scientific and Industrial Research will exercise full powers in 
regard to the expenditure to be met out of the Industrial Rosearoh Fund 
subject to its observmg the bye-laws which will be framed by the Governmg 
Body of the Council, from time to tunc, with the approval of the Governor 
Goneral-in-Council For extending the work of the Board, it has been suggested 
that Provmcial Advisoi y Boards of Scientific and Industnal Research should 
be established by the Provincial Governments to form liaison with the Central 
Board Welcome as these developments are, it is unfortunate that more 
represeiftajlavos of principal scientific bodies, societies and Universities from 
different parts of the country have not been included either m tho mam Board 
or the Council of Sciontific and Industrial Research Our Institute has been 
pressing for such rejiresoatation smee the date when the estahlislimcnt of these 
bodies was first contemplated, and it is hoped that authorities concerned will 
take steps to make good this omission at an early date Mention may also be 
made of tho establishment of a Utilization Brandi of the Geological Survey of 
India, this should ensure the rapid development of the mmoral resources of 
the country, and add fresh laurels to the brilliant ac^hievcments of tho oldest 
scientific service m the country 

It would be a truism to reiterate that we are living m times when great 

Future confusion of thought pervades almost all spheres of life 

As a result of scientific advances and their application to 
modem w^arfare moat well-established values on which man used to base bis 
sense of security have lost nearly all significance* Katurally under such 
conditions of stress and turmoil, which are influencing practically all spheres 
of life, doubts and fears are expressed about all plans and programmes of 
development, and the suggested remedies ofl-en appear oontradictorj^ and 
oonflictang Scientists are equally influenced by this unstable state of affairs, 
and there can bo little doubt that if they arc to serve the best mterests of 
humanity—-for that after all is the sine qua non of all progress, whether 
scientific or otherwise—^they can no longer contmue to develop as pure 
Scarabees, In addition to bemg specialists m some scientific subject they 
must^ one and all^ have a good knowledge of various social soienoes^ and 
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beooino as («onver8ant aa possible with the pressing needs and problants of 
hnmamiy as a whole Equally with this training of the soientisis more 
attention will have to be paid to the education of the general pubhc in matters 
pertammg to science and its applications These two essentials aie, both of 
them, undoubtedly long-term projects, but if scientists are to do more than 
simply act in an advisory capacity dealing with special problems as they 
arise and without refeience to their social contacts, it lb undoubted that these 
two essentials must receive urgent consideration at the hands of the Government 
and the scientists themselves Carefully considered long-term programmes 
must be drawn up m regard to the future of science and scientists, and in this 
connection it is uigeni that the importance of orgamzmg scientific effort 
should bo fully realized It is also essential to empliasize that the development 
of pure science should not bo curtailed as a result of such organization, for as 
Professor Bernal so eloquently expressed in a recent article * There is no 
reason, however, for the fear that as a result of the experience of the war the 
development of free science will l>e curtailed or stunted Effective organization 
of science implies neither an exclusive concern with problems of immediate 
appbcation noi the subjectmg of scientists to the discipline of a ngid and 
unimagmative buieaucraey Those who have been working for an improve¬ 
ment of the present chaotic system of science in the direction of usmg it more 
effectively for human welfare realize fully that any such development would 
immediately frustrate their ends If apphed science was exclusively followed, 
the basic principles on which any new development, however practical, must 
de^iend would never bo elucidated * 

Unfortunately, almost all developments in India withm recent years have 
been directed towards the organization of Applied Science as opposed to 
Pure Science The importance of this development cannot be underrated but 
more attention must be paid to see that with the development of Applied 
Science more faiulities are provided for pure scientific stupes and research, 
and it 18 m this connection that the National Institute of Sciences can render 
invaluable service to the country Pure Science also requires not only increased 
endowments but more equipment, for as Professor Armstrong has rightly 
summed up 'Good workshops and good teachers mean able students and 
first class research a steady flow to a progressive mdustiy ’ Let us hope that 
this pomt of view will not be lost sight of by the authorities in this countiy and 
that as soon as conditions permit, efforts will be made by our Institute to 
have better facilities provided for the development of Pure Science equally 
with those provided for applied scientific work 

II CoirsBBVATiOR ox Wild Lm tn Ivdia 

Compared with other living craatnres man is relatively a new-comer on 
the face of the earth Even according to most liberal estonates primitive 
man did not appear till about a million years ago. In this relatively short 
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period ho lias developed fiom a very pnmitivo creature to a highly evolved 
dominant personality on the face of the earth Man in the I'ouree of this 
period passed through various stages of devolopinont whuh, according to the 
material used by him for his tools, are respectively named Iho Btono Age, the 
Bronze Ago and the Iron Age In very early stages ho began by shaping tools 
from bits of stone or bone, and it was only later that through gradual and hard 
experience he learnt to woik metals whicli have played Bu<h an important 
r61o in the evolution and develoijment of the present-day civilization Dunng 
this ponod of earth’s history man has very materially infiuetu^d the plant and 
animal worlds, and his relationships with both these have become extra¬ 
ordinarily varied and intricate In the earhei stages man’s relations with at 
least the larger animals w^ore those of diit^ct competition m a very keen struggle 
for existence The animals suxiphcd the major pait of his food and prmninc 
clothing and various other products that ho required for his very simple way 
of life Later, howevei, when he assumed greatf r mastery over the surround- 
uigs in which ho lived, he, in addition to agriculture, took to domesticating 
certam classes of animals tor making them his help-mates and companions 
Several of them, such as the cattle^ and the horse, not only proved invaluable 
m connecrtion with the advance of civilization but gradually made it possible 
for man to occupy the proud position w^hicb he holds on the face of the eart^h 
today Inter aha it may be noted that authoulies are at variance m regard 
to the exact sequence of th<» agricult uial and animal husban(li> activities of 
early man Modern man through bort]<*ulture and ammal husbandry has 
developed numerous varieties of cultivated plants and domesticated animals 
wbi(*h have made available a very large range of food materials for his use 
With tlie advance of civilization has also been perfected a very complex and 
rapid system of oommumcaiion and transportation, and this renders it possible 
for man to enjoy not only the seasonal products of one area, but of almost 
all parts of the world In fact, as a result of these developments animal and 
plant products from different areas are, in normal times, easily distributed all 
over the globe. 

No substitutes for plant and animal products, which are so essential for 
human existence, have so far been discovered and m spite ol all scientific 
advances, man is still and will remain dependent on plant and animal worlds 
for his continued existence In both international and national interests, 
therefore, it is of the utmost importance that carefully considered long-range 
programmes for the conservation of wild life be adopted all over the world. 

In earher times extensive areas of undisturbed forests and uxunhabited 
parts in almost all countries provided safe sanctuaries where wild life was able 
to survive and even flourish, but changed conditions as a result of the rapid 
advance of civilization and over-population, the gradual conquest of forests 
and grass-lands, the opening up of new roads and waterways, and highly 
improved methods of transport have today left very few areas where wild 
life can continue to live undisturbed by man. These factors have had and are 
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continuing to have a very dovantal mg e£Fect on wild life With theae develop- 
mentfl fortunately a gradual change is taking place m man’s outlook towards 
Nature This change is due to the spread of education, and the realization of 
man’s dependence on natural resources Apart from humamtarian measures, 
authorities are gradually becommg alive to the inhori nt dangers underlymg the 
uncontrollcsd destruction of wild life This movement for the protection of 
Nature and so of wild life had it s origin barely 50 years back Though the 
European nations paid a fair amount of attention to this highly important 
question, it was the Ampricans who led the field and set an example as to what 
could and ought to be done for the preservation of wild life In the United 
States of America particularly the occupation and development of vast outlying 
stretches of the country, the extensive spread of agriculture and consequent 
disappcaramo of forests and grass-lands, the drainage of lakes and marsh} 
areas, and the ever-mcreasmg demands of mdustry have been responsible for a 
very great i eduction in wild hfe, both of plants and animals The tragedy 
was fortunately foreseen fairly early and has been averted, though only to a 
very limited extent, by the ostabhshment of extensive National Parks or 
Reserves which, it was hoped, would provide inviolable sanctuaries foi and 
preserve wild life Such sanctuanes, ongmally established m the United 
States of America, have since been sot apart m Canada, New Zealand, Australia 
and the Union of South Africa In the Kruger National Park, which was 
founded m 1808 as the Sabi Game Reserve and changed into the Kruger 
National Park m 1926, South Africa has one of the most extensive and well- 
managed sanctuaries Mention may also be made of'Parc National Albert’ 
in Belgian Congo, which was created by a Royal Decree m 1925 and greatly 
enlarged m 1929, m 1934 by a Royal Decree its functions were greatly extended 
and entnisted for management to the Institute for the National Parks of the 
Belgian Congo which was estabbshod with its headquarters at Brussels This 
National Park was due to the incessant efforts of the great naturalist, Carl 
Akoley, an American nature-lover who devoted all his energies to its establish¬ 
ment In addition to preservmg the rapidly dwmdhng fauna of the area, 
this park has saved from almost certam extinction the Gorilla, which next to 
man is the Kmg of Primates Protection of Nature movement in Germany and 
adjacent countries proved very valuable m connection with the conservation 
of wild life in the areas concerned, and extensive National Parks were established 
m Switzerland, Germany, Italy, Sweden, Spam, Holland and Czechoslovakia 
The cause of conservation was further advanced by various International 
Conferences In 1900 the Bntish Government convened an International 
Conferenc*e m London for the preservation of animals, birds and fisli m Africa. 
The convention was signed by seven powers interested m Africa, and was to 
remam m force for 15 years In 1913 an Intematnmal Conference for the 
Protection of Nature was held m Berne at which 17 Govomxnenta weie repie- 
aented The main result of the work of this conference was to estidilish a 
central organization for dealing with the question of wild life preservation on an 
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international basiB The world war of 1914-18 unfortunately greatly delayed 
the adoption of the recommendations of the Berne <*onferenee 

In 1903 a society foi the protection of the fauna of the empue was 
founded in England by Mr E N Buxton ‘with the object of awakening public 
interest m the assemblages of wild fauna still surviving in every part of the 
British Empire, and taking such steps as may be possible to save them from 
extmction, further to co-operate with kindred societies in the Domimons and 
Colonies or in foreign countries with regard to any conjoint efforts* Aftei 
the world war of 1914-18 greater attention was directed towards the preserva¬ 
tion of fauna in most parts of the woild, for as was so well expressed by the 
president of the society, the Rt Hon Earl of Onslow, ‘The whole world is 
becoming so speedily opened up to travellers, traders, tourists and settleis, 
and so much uncultivated land is coming under the plough that unless some 
more or loss drastic measures are taken to preserve the distinctive fauna it 
must obviously disappear entirely* The society started active work for the 
preservation of the fauna of the empire soon after the world war, and its 
revised rules, which were passed on April 27,1928, were brought into for( e fiom 
1st of May, 1928 Since this date the society began to wield a groat deal of 
influence in connection with the preservation of the fauna of the empire 
Reference may also bo made hero to the American Society foi Intoinational 
Wild Life Protection and the Dutch Society for the International Wild Life 
Protection, which have done a great deal to further the cause of conseivaiion 
of wild life m their respective spheres In 1931 at the instance of the Pronch 
Qovemment an important International Conference for the Piotection of 
Nature was arranged by the staff of the Natural Histoiy Mum^um of Fans 
Representatives of Belgium, Czechoslovakia, Geimany, Great But am. Holland, 
Italy, Latvia, Norway, Poland, Rumania, Spam and the United States of 
America attended the oonferonce, and very useful spade work was earned out 
for the formation of a central official mtcmational oiganization for the 
protection of wild life An International Conference foi the protection of the 
fauna and flora of Africa was convened in London m 1933 As a result of its 
dehberations it drafted a convention for the bettor preservation of the fauna 
of this continent Among the measures suggested were the establishment of 
sanctuanes, National Parks, Strict National Reserves and other Reserves 
The conference recommended that all settlements m National Parks should 
bo controlled so as to ensure that as little disturbamc as possible is occa¬ 
sioned to the natural fauna and flora It also recommended that special 
steps should be taken to restnet the export and import of trophies, to stop the 
use of motor vebides or aircraft for the purpose of hunting, killing or capturing 
or drivmg away, stampeding or disturbing ammals, and finally the use of 
poisons or exploeives or poisonous weapons or the use of nets, pits or enclosures, 
gins, traps or snares, or of set guns and missiles containing explosives for 
hunting animals should be prohibited Mr E C Stuart Baker, who is a 
reoognised authority on Indian birds and wild life, attmided this conference 
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as ono of the observers on behalf of India In a report, which be submitted 
to the India Office, ho concluded that the results embodied m the report 
of this conference provided a valuable basis for axi^ measures that may 
be under consideration for the preservation of indigenous flora and fauna 
of India With a view to decidmg whether it was desirable for the 
Government of India to be<*ome a contractmg party to the convention, either 
m whole or in part, ho Huggested that the report should be considered by the 
Government of India at a special conference of representatives of the 
Government of India, tlie Provmcial Govomments, the Indian States and the 
adjoining territories of Nepal, Bhutan, etc About the same time the Society 
for the Preservation of the Fauna of the Empire in London addressed a letter 
to the India Office directing attention to the urgent necessity for the protection 
of lib lid life m India With the letter it supplied memoranda dealing with the 
position of indigenous game in some of the provmces and oflered to supply 
expert advice m case the Government of India decided to arrange for a oon- 
ferenoo on the subject Meanwhde the Bombay Natural History Society, 
which over smee its foundation m 1888, has by mtensivo propaganda and 
through the medium of its Journal and various publications been rendeiing 
very useful service m creating and stimulaling interest in the wdd life of the 
oountry, started piibhslung m 1934 a senes of beautifully illustrated articles 
on the wild animals of the Indian Empire and the problem of their preservation 
This senes of articles provided a detaded account of the distribution of mammals 
in the country together with illustrations of the more important mammals, 
and the condition of game m different parts of the country including Burma. 
The articles were written by authorities with mtunate first-hand knowledge of 
the problems of the different areas, and as a result it was possible for the 
authors to indicate exactly the measures that should he taken for the protection 
of wdd life in the different parts, as also of how these measures could be best 
given effect to The Government of India also hod been alive to the urgency 
of the situation and at their mstance detailed enquines in connection with the 
protection of game were being earned out all over the country After the 
preliminary enquiries were completed, the Government of India conveatied an 
All-India Conference for the Preservation of Wild Life at Delhi m Januaiy 
1936 with a view to reviewing the position of the fauna and floifa a« it existed 
at the tune and considering genendly the protection of the animals peculiar 
to India The oonferenco adopted a set of resolutions and prepared two lists 
of species, first of animals that were to be protected as completely as possible, 
and second of those which * while not requiring such rigorous protootum', 
shall not be hunted, killed or captured except under beense granted by com* 
potent authorities The conference laid special stress on the establishment of 
wild hfo sanotuanes, and desired the contracting parties to explore the 
poBBibihtieB of establishing sonctuanes in which hunting, shooting, kiUmg or 
captunng of all animals was to be prohibit^od except under the control oi thb 
authontieB lesponBihlB for the management of the sanctuaries. It was agreed 
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by the oonferenoe that the duty of preserving the fauna should be assigned to 
the forest departments in the areas under their charge, but ai the same tune 
urged the necessity of co-operation of poli€*o and magistracy m carrying out 
the necessary measures of protection Resolutions wore also passed for the 
closest co-c^eration between the forest departments and Associations that 
may have been or ate established with a view to the preservation of game and 
wild life It ^o laid stress on the introduction of nature study in the country 
and for carrying out such propaganda as would populanze with the general 
public the urgent necessity of preserving wild life, as without public support 
no efforts to preserve wild life would be really effective It, therefore, recom¬ 
mended that societies for the protection of wild life in the country should make 
propaganda a prmcipal part of their work This was further Htressed by the 
ohairman of the conference, the late Sir Fazbi-Hussam, the Hon*bie Member 
m charge of the Department of Education, Health and Lands of the Govemraeni 
of India, m his closing remarks* ‘Even at this stage, I Hould repeat one point 
and that is you should not expect much from the Provincial Govemmonis or 
legislatures, but if you do propaganda in the riglit direction in the provmces 
where the power will rest, you will achieve your objc ct ’ As a result of the 
deliberations of this conference an All-India Convention for the preservation 
of fauna of India was drafted It was hoped that the convention would be 
adhered to by all Provincial Governments and the States, and that the signa¬ 
tories of the convention would adopt all possible measures for the protection 
of the wild life m the areas under their junsdiction 

Here it would be useful to include a short summary of the legislative 
measures which were lu force for the protection of wild life in British India 
prior to the date of the All-India Conference for the Preservation of Wild Life 
These moasuzes consisted of (1) Wild Birds and Animals Protect ion Act of 1912, 
and (2) the Indian Arms Act—both of which were apph< able to the whole 
of British India, (3) the Provmcial Game Rules under the Act of 1912, (4) 
Provincial Forest Act and Rules thereunder, and (5) Provmcial Acts dealing 
with protection The Provmcial Game Rules and Forest Acts bad unfor¬ 
tunately been drawn up rather haphazardly and were often contradictory 
In addition, no definite authorities had been set apart for enforemg those 
Iflgidative measures particularly in regard to the poachmg and the mdis- 
criminate destraotion of game, etc There was no control of tiado in meat, 
hides, skins and trophies, and at the same time there was no provision for the 
restriction of the modem methods of traffic such as motor cars and aeroplax^s 
erhich were proving disastrous to wild life all over the world Cases of 
shooting animals from motor oars after they became exhausted as a result of 
long <diase had been reported A more up-to-date and comprehensive 
measure was enacted in the Punjab m the Punjab Wild Birds and Wild 
Azdmab Proteetkm Act of 1938, whde the rules made thereunder pro¬ 
vided tot the better protection and preservation of eertam wild animals 
indodiag birds and fldir It later resulted m the appointment of a Game 
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Warden for Hooing that the rules were stnctly enforced and the protective 
measures were as comprehensive as far as possible In addition, iuuIot the 
rules, District Fauna Committees were to be established m all distncts for 
performmg functions assigned to them under the rules and for advising 
generally about the protection of the fauna m their respective districts Acts 
on^similar lines were also passed m the Central Frovmces m 1934 and the 
United Provmces m 1936, while measures were under consideration m other 
provmces Mention may also be made here of the Bengal Bhinoceros Preserva¬ 
tion Act of 1932, which prohibited the killing, injurmg or capturing of wild 
rhinoceros m Bengal Under the Act every wild rhmoceros killed or captured 
otherwise than by permission was to be the property of the Local Govoxnment 
and stiff penalties were provided against contravention of the Act A small 
sanctuary for the preservation of rhinoceros in Bengal was also established m 
Jalpaigun district In 1934 a very gi'eat advance was made in the Umied 
Provmces through the groat personal interest taken by the enlightened Governor 
of the Provmoe, Sir Malcolm Hailey (now Lord Hailey), as a result of which 
the National Parks Act of 1934 was jiassed This Act provided for the establish¬ 
ment of National Parks and for the preservation of wild animal life or other 
objects of scientific interest and for incidental matters provided therem As a 
result the Hailey Park was demarcated as a National Park in the famous 
Path Doon and the hill forests to the south oi it consisting roughly of 
an area of 99 07 square miles Under the Act the word 'animar was defined 
as*mammals, reptiles or birds’, and it was an offence to kill, injure or disturb 
any animals or to take or destroy any eggs or nests of any bmds m the park 
The conditions under which the people were allowed to enter or reside in the 
park were laid down in the Act and were to be enforced by the forest 
department In Assam certam areas had already been demarcated ae game 
sanctuaries and more stringent action was being taken to preserve wild life 
which according to some reports had been reduced by almost 75% within 
recent years Beference may also be made here to the Ghamrajanagar 
Sanctuary of the Mysore State Forests which had been osiabhshed with a view 
to offering complete immunity for animals and thereby making it possible 
for them to thnve without interference Introduction of other animals not 
found in the area was to bo attempted, emd the sanctuary was to provide 
facilities for the scientific study of the life-histones of different mdigenous 
species of game 

Mention may also be made of the valuable work which the Assooiation 
for the Preservation of Game m the United Provmoes has been carrying on 
over smoe its foundation After the All-India Conference for the Preservation 
of Wild Life this Association extended its sphere of work to the whole of India, 
and m July 1936 started publishing a journal entitled The Indian Witd Life, 
Its aims and objects are very comprehensive, and the two Honorary Secretaries, 
Major J Corbett and Mr Hasan Abid Jafry, have been oarrymg on 
valuable work m conneotion with the protoetion of wild life tbrouj^out Bntisb 
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India aadinmoBt of the Xattve States as well. Unfortunately, owing to the 
abnormal conditions resulting from the war, the membership of the 
Association has fallen off and it has had to stop publication of its journal, but 
it 18 to be hoped that this is a temporary setback, and before long it will be 
possible for the Association to restart pubhoation of its journal and ci^ry 
on its activities on a more extensiTe scale 

Prom the above it will be seen that a certain amount of spade work had 
been done and various provinces were beconung ahve to the urgency of adopting 
measures for the protection of wild life m the areas under their control Unfor¬ 
tunately, however, only one aspect of the conservation of wild life had been 
considered in all those plans, vtz , that of the protection of game mainly from 
the point of view of sport Further, m all the measures suggested and partially 
adopted the work, except in the Punjab, was to bo earned out by agencies 
which were already overburdened with work, and naturally the task of looking 
after wild bfe was something which it was not possible foi them to carry out 
effioiently m addition to their normal work 

The problem of wild life conservation is not, however, so simple as would 
appear from the measures which have been taken in this country so far In 
fact the multiphcity of the problems involved m any scheme of wild life con¬ 
servation has begun to be reaLueed only withm very leoent years The greatest 
advances m this connection have again been made in the Umtod States of 
America, where under the President’s Beorgamzation Plan No III a Bureau of 
Biological Survey was constituted on June 30, 1940, by the consolidation of 
the Bureau of Biological Survey and the Bureau of Fisheries, this Bureau is 
responsible for the cooBervation of wild bfe in the extensive continental area of 
the United States of America 

It is not possible to give m this address a detailed analysis of all the factors 
which must be considered m detail m connection with any scheme of wild 
life conservation, but it is essential to pomt out that, if wild bfe conservation 
is to be a saccess, the conservation of soil, waterways, forests and grass-lands 
must receive simultaneous attention The disastrous efiects of man’s activities 
on soil and water resources, whether direct or indirect, cMmscious oi unconscious, 
are very senoos indeed As an example of direct and conscious influence of 
man on waterways may be mentioned the pollution of nvers, streams, lakes, 
etc. through the dumpmg of huge quantities of refuse and sewage of latge 
cities, as also of the untreated raw wastes o£ large industrial concerns Such 
pollution materially affects plant and animal life of these waters, and has been 
known in many oases to have destroyed extensive and valuable fishenes. 
Indirect and unconscious destruction of soil for agricultural dovelofonents has 
rimilarly done a great deal of harm. In this connection it is unfortunately 
seldom realised that most schemes of development of large tracts of country, 
whether as living centres or as agricultural land, unless carefully planned, 
often have very serious repercussions on the plant and ani m al bfe of the area. 
Nature works m a vicious circle and the interdependence of all these factors is 
B 



34 


AKVITAL ADimBSS 


now fully reoognizod by all authonties It would stdlBoe^ tbetrfore. to point 
out that uncontrolled deforestation or the utilisation of grass-lands for agncul- 
ture and other purposes results in a great erosion of the soO and reduction of 
rainfall Rivers, streams and other waterways become silted resulting in the 
flooding of adjacent areas, and water conservation becomes a very pressing 
question With the fall of waterlevel the country m general becomes dry and 
barren The land becomes almost useless for agriculture and does not produce 
even enough of grass or fodder The repercussions of all these on the wild 
life in the area are equally serious, as with the disappearance of grass-lands 
and forests very few sanctuanes are left for wild life 

To undo even a smali amount of the damage to organic resources which 
has resulted from the rapid spread of civilization would require iMUufully 
planned long-term programmes of reconstruction, and the development of new 
social concepts in regard to colonization, agriculture, irrigation, forestry and 
other alhed activities of man In its broadest sense, conservation of organic 
resources, as has been so well summed up by I N Gabrielson, the Director of 
the Fish and Wildhfe Service of the Umted States Department of the Interior, 
‘ means restoring to the highest possible level and mamtainmg in a state of high 
productivity those resources, moluding wild life, that can be used on a crofi 
basis to sustain human society * It will be clear, therefore, that m connection 
with any scheme for wild life conservation measures must also be adopted 
for ensuring that soil, water resources, forests and grass-lands are equally 
conserved 

In wild life management the existence and operation of ecological oom- 
munitioB m the domain of nature and man’s relationships to them has to 
be recognized and also the fundamental fact that man’s activities often 
have been and are responsible for disturbing ecological communities For all 
schemes of wild life oouBervation it is essential, therefore, to attempt to restore 
natural balance which has been and is being disturbed by human activities 
With increased occupation of outlying countries resulting m deforestation and 
disappearance of grass-lands, soil erosion becomes a material menace, rainfall 
decreases and the problem of water conservation becomes more and more 
acute Land gradually becomes impovensbed and is not capable of producing 
enough for the human beings in the area, much less of providing food ahd 
shelter for wild life In all recent schemes of wild life management, therefore, 
the questions of soil erosion and programmes of re-forestatum and increasing 
grass-land areas are considered as important as the direct measures for the 
protection and conservation of wild Me With the mfonnation at present 
available most conservation programmes must of necesdty be of an expen- 
mental nature They should deal with a few species in restricted areas so 
that the results could be properiy watched and tabulated Only such work 
^ will gradually enable us to acquire the much-needed data and technical kooir- 
ledge for evolvmg proper aolWes of general ecolo^oal manageonent Ifem* 
while wild Me management must be planned on the eoologioid and biologieal 
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dsia that are at present available. jIn the large area of the Bub-oortinent of 
India the problomn of wild life conservation are bound to be very complex, 
but as soon as pOHBible a programme of oouHervation muHl be formulated which 
would deal not only with the neceHsity of preeerving a few species of game but 
the conservation of animal and plant life m general 

Recently the Uon’ble Sir Jogendi*a Singh, Member for Education, Health 
and Lands of the Gkivernment of India, m his address to the meeting of the 
Board of Forestry rightly stressed the responsibilitieB of the forest officers m 
regard to tree plantations m villages Ho remarked that 

*The need of 7,000,000 villages m the matter of tree plantation has 
so far received scant attention It may bo useful to take a group of 
villages and start plantations Land should be rented for the pur|)osc 
and trees planted to provide fuel and timber and the glass for feeding 
the cattle. These village plantations may prove of great economic 
value, savmg the cow-dung for manure, and may even provide largo 
quantities of matenal for malung humus and manures ’ 

Indicating another direction in which he felt forest officers could do 
useful work, Sir Jogendra Smgh lefeiTed to the vast areas which owing to 
olimatio conditions cannot be cultivated He suggested ttiat 

*lt nugbt be possible to lift water for irrigation for starting planta¬ 
tions and to grow trees which require a muumum amount of water 
An experiment m tins direction may enable the afforestation of the 
areas which now lie waste, and are classed as culturable but cannot be 
cultivated ’ 

Such a scheme would not only result m extending the greatly dwmdhng 
ioiests but also provide grazing area for the cattle and wild herbivores, Inmides 
affording much-needed sanctuaries for wild life In addil ion, the result of such 
a scheme of afforestation is sure to help in chocking soil erosion and indirootly 
assut in water conservation through consequent mcreaso in rainfall 

It is essential that similar schemes should be imtiated m connection with 
irrigation plans which, while moreasing the area of irrigated lands m the c*ountry, 
have matenally influenced the plant and animal life of the streams, i ivcrs, etc 
The problems of water conservation mthe cK>untry are m fact as important as 
those of the afforestation and conservation of grass-lands, and if these problems 
are properly tackled, they are sure to go a long way towards the solution of 
the problems of wild life conservation Finally, the authorities responsible 
should see that the recommendations of the Wild Life Conference of 1935 
are implemented and carried out as far as possible Though various provmces 
are more or less autonomous in regard to^thn management of the areas 
under their charge, it should be romemberod that wild life conservation m 
the country oatmoi be carried out on a provmcial basis The multifarious 
probleiiwmvoitvedeauiijot be tackled until the all-lndia nature of the 

problem is reaUaed and a separate department of the Central Government 
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made responsible for this work While leaving the local problems to various 
Provmcial Qovermnents and Native States, a central department should be 
responsible for dealing with the pokey of conservation of wild kfe for India 
as a whole 

I am o&aid, I have given a more or less disjomted picture of a very vast 
problem I have tried to indicate that protection of game alone though 
urgently called for is not enough, and that steps should be taken to draw up 
and adopt a long-term scheme of wild life conservation as a whole on an all- 
India basis Until this is done it will not be possible to preserve and <*onBerve 
the greatly impoverished wild life of the country 



THE PLIOOENE.PLEISTOCENE BOUNDARY IN NORTH¬ 
WESTERN INDIA 

By D N Wadia 

(Received July 14^ 1942 ) 

Abstbaot 

Recent work in the area between Kashmir Himalayas and the Salt Range, a terrain 
of most copious sedunentatiou, reveals no unconformity or palaeontological gap of any 
significance between late Tertiary and Pleistocene On the contrary, the voluminous 
senes of fresh-water and subaenal deposits of the Siwahk system, 17,000 feet thick there, 
bridge the gap, on the whole uninterruptedly, from the Middle Miocene to the lower part 
of the Pleistocene The mam unoonfomuty of the area is post Upper Siwalik, Lower 
Pleistocene at the earliest, but this too is not a Status of any regional importance as it 
tends to dimmish m the Soan valley Prom the palaeontological work ot Pilgrim (1011-30), 
detailed field work of the present writer (1921-25) and of 0 de P Cotter (1026-28) little 
doubt remains that the Upper Siwahk, except perhaps in the very topmost zone, is pre 
glacial and lies astride the Pliocene-Pleistooene boimdary Two type areas of Pliocene- 
Pleistocene deposits are described (i) the North-West limb of the Soan Synclinal, and 
(ii) the North East slopes of the Pir Panjol range of Kashmir, m relation to the geoteotonic 
history of North-West India during the Phocene-Fleistooene mterval—^the period of 
maximum uplift of the Hunalayas 


iNTBODCOTIOir 

Recent work w the north-western corner of India, between Salt Range 
mountains and the foot of the Hazara—^Kashmir Himalayas—a terram of most 
copious sedimentation, reveals, except for a few minor and local breaks, no 
unoonfomuty or palaeontological gap of any aigmficanoe between the late 
Tertiary and Pleiatooene On the contrary, the volummous aenea of freeh- 
water and subaenal deposits (the Siwalik ^stem, 17,000 feet thick) bndges 
the gap, on the whde uninterruptedly, from Middle Miooeno to Lower 
Pleistocene A number of small breaks and discordances, due to oontmn- 
poraneous erosion, do occur in the sequence, as mdeed one would expect in a 
zone of active aggradation by the vigorous rqieatodly rojuvenating streams 
descending from a tract of recent elevatuon The Middle and Upper Siwahk 
senes (Pontian to Lower Pleistocene) are strongly developed and are capable 
of more or less precise division into stages by means of the locally abundant 
mammahan fauna The Middle Siwahk (Upper Miocene-Mid Phocme), broadly 
speaking, grades off mto the Upper Siwalik without any but a few minor 
breaks which, how e ver, are sporadic and disappear laterally The mam uncon¬ 
formity of the area is post-Upper Siwahk denoted by an unconfomiable overlap 
between the Upper Siwaliks and their ovetlymg snb-reoent nver alluvia. But 
this too IS not a hiatus of any regional importanoe, tending to diminish in the 
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Soan ralldy At least. 10,000 feet of sediments intervene between the Dhdc 
Fathan stage (Pontian) of the upper Mid Biwalik and the Boulder«Ck>nglomeirate 
stage, the topmost stage of the Upper Siwalik in the Soan valley (a tributary 
of the Indus) From the palaeontological work of Filgnm in this area based 
on more than two decades of research on the fossil bovids, pigs, giraffes and 
carnivores (1011-39) generally corroborated by detailed field-geologioal 
mapping of Q do P Cotter m the years 1926-2H and of the present wnter during 
1921-25, little doubt now remains that the Upper Siwalik, except perhaps in 
the very topmost zone, is pro-glacial and lies astride the Pbocem^-Pleistoeene 
interval of Europe Indeed the upper Mid Siwaliks and Upper Siwaliks, 
from Lower Pliocene upwards, have been grouped together into one unit by 
more than one observer from the difficulty of separating them by a definite 
geological dividing hne 

ArBAS OV PlilOORNB-PLEISTOORNE DbFOSITH 

(i) Sfcitowt on the North-Western Ltmb of the Soan Syncltne 
{Batvalptndt dtsinct) 

Clear sections of Upper Tertiary systems of Northem India showmg 
transitional passage into the Quaternary are exposed m the noTth«western 
limb of the wide synclimcal fold m the Soan valley, Rawalpindi district 
Incidentally these sections are of importance as representing in a straight¬ 
forward manner the tectonic history of North-Western India from the beginning 
of the Tertiary to recent times The field geology of the area was mapped by the 
present wnter on the 1-inch scale m 1921-24 Previous to that A B Wynne 
had mapped the country on 8 miles » 1 inch scale m 1870’s The table on the 
c^omte page is a generalised section of the rook sequence, well seen near 
Oorakhpur on the northem bank of the Soan, 9 miles S S W of Rawalpindi 

Lying m a piedmont belt of slow subsidence, part passu with the rising 
mountains to the north, the Middle and Upper Siwalik strata of the Soon baam 
show a great deal of folding and deformation, being for considerable stretches 
vertical in their attitude, or even slightly overfolded at places From vertical 
dip there is a gradual decrease in the angle of inclination towards the central 
part of the synoline, the dip flattening to where the Boulder- 

Conglomerate stage passes into the older alluvium and from this to horizon* 
tahty m the newer aUnvium, loess and surface gravels In the area to the 
east and west of the central Soan basin, the junction between the Boulder- 
Conglomerate and tiie older alluvium is unconformable, due to a rapid overiap, 
the discordance moreasing with distance. 

W D Mathew(l92Q),DeTerra(1939),Colbert(1935)andO E Lewis(1937) 
ore inchned to regard the Boulder-Conglomerate as of the Middle Pteistooene 
age and De Terra takes a conglomerate beneath the Tatrot as denoting a line 
of unconformity and places the base of the Ujq^r Siwaliks so high up as the 
boundary between the Fliooene and Pleistocene Apart from l^e &ot that 
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Tabu of FoBXATioKa nr thx Soak Saonoir 


Aaii 

Formation 

Trxoknbss 

Rbosnt ANn Rub 

BBOnNT 

Roiidual gravel-oap» modem alhivia^ loeas, 
deeply worn siibWially into labynnthme 
ravines 

600-800 ft 


Foanla living species Many human 
artefacts 


Mid and Upper 
PIaIHSTOOBNB 

Bilty clays of warm red colours • gravel and 
pebbly grift, locally conglomeratic 8yn • 
clinally inclined 8-10° 

\ anable 


Foaaila Scarce JSlepkas, Cama, Bm, many 
paloeolithH 


Lowbb Pi;jizstoobnbi ; 
TO UpPflB PLTOOnNK | 

1 

Boulder OongU»neraie and Tairot atagee 
Conglomerates, coarse pebbly grit, sand- 
rook and thick earthy clays of r^ and 
drab colours Stages represented 

Tatrot to Boulder Conglomerate Pin 
jor stage not clearly divisible 

6,700-6,000 ft. 


Foaatla Stvaihenum, Oervua, Rhtnoeeroa, 
Bus, Boa, Equua, Blephaa, 
Hip^topokmua, Hyaena 


PoimAN AND 8 ARM A • 
TKAN 

Dhoh Paihan atage 

Soft pebbly sondstones, harder scarp* 
forming sandstones, pale my and 
mioaoeouB, mterbedded with few shales 
of red, orange and drab colours Bands 
of oonoretionary olay pseudo-conglo¬ 
merates 

4,000 A 


PoaaHa Huppaitum, Mtuiodon, Brama- 
iKertum, HeUadolherwm, 

Tfagoeerua and many ante¬ 
lopes, Anthropoid apes 



the bual Tatrot conglomerate of Attook ^rea is an intrafonnational oonglo* 
merate of local occurrence, diaappeanng laterally, eg in the Scan beam, 
this view has no suppwt from the fossil fauna of the Tatrot stage which, as 
Pilgnm has shown, is considerably oldw than Pleistocene Quite a large 
number of speciea as well as genera, including Btpparton, have passed upwards 
from the underlying Dhok Pathans of Pontian age mto the Tatrot, while 
genera such as Bquue and SUphat are rare While minor unconformities due 
to contemporary erosion are observed at vanous levels no important strati- 
graidiio hiatus can be made out betwemi the Ifiddle and Upper Siwalik of the 
Potwar area as a whole Such minor breaks and mterruptionB must be a 
common feature in a thick fluviatile-oum-subawial senes laid down during a 
period of great earth disturbances Latwal variation is a universal feature of 
the Siwaliks, it a matter of common observation that afairiy wide lens of 
conglomerate strata traced laterally thins out mto a sandstone or grit stratum m 
ev en may be repboed by thick beds of day on either side A number of smsU 
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local breaks and discordances, due to contemporaneous erosion, do occur m the 
sequence and make, at a fewloo^ties,a stnkmg show, as mdeed one would expect 
in a zone of aotiye aggradation by the vigorous, repeatedly rejuvenated streams 
descending from a mountain-range of recent uplift. But these local unconfor¬ 
mities soon tail off m all directions A geologist workmg at isolated centres in 
the Siwahk terram will naturally place a great deal of emphasis on such minor 
eroBional unoonformitiea and conglomerates met with in the Dhok Pathan, 
Tatrot and Pinjor stages 

(u) Th^ NorO^-Eaat Slopes of the Ptr Panjal Range {KaslmxT) 

This area also furnishes pertinent evidence on the nature of the boundary 
under discussion The Pir Panjal is a sharply defined and mdividuahsed 
tectonic range of the middle Himalayas, separatmg the foot-hills and plains of 
the Punjab from the higher ranges of Kashmir On the gently-sloping north¬ 
east face of the range (west flank of Kashmir valley) there occurs, overlying 
the eroded Mesozoic Himalayan formations, thick sheets of unconsolidated 
fluviatile, lacustrine and glacial deposits (Karewa senes) extending from a 
height of 11,500 feet down to a level of 5,200 feet, which have all but con¬ 
cealed the sohd geology of this face of the mountains In these, the passage 
of the pre-glaoial river and lake-formed beds to those containing the debris 
of the earlier glaciations is so gradual that it is impossible to draw a dividing 
line Moreover it is not definitely known that the onset of the Ice Age in 
South Kashmir was coeval with the begummg of the Pleistocene, or, as seems 
more probable, was deferred to a somewhat later date At a level of about 
5,500 feet above the base of the Karewa series a conspicuous erosional uncon¬ 
formity IS observed, marked by a bouldery or conglomeratic horizon resting 
on the denuded edges of folded Lower Karewa beds The stratigraphioal 
horizon of these boulder-beds, from their contained fossil plants of kvmg 
species, EUphaa bones and teeth md some hunum implements could not be 
lower than Middle Pleistocene De Terra regards these boulder-beds as making 
the second interglacial stage The lower, more folded and disturbed Elarewa 
beds are also fossiliferous at various locahties and honzons throughout their 
thickness of 5,500 feet though no distinctive remains of chronological value 
have been found, the fossils being well-preserved leaves, fruits and seeds mostly 
of dicotyledon plants 

The unconformity mentioned above divides the Karewa series into two 
unequal divisions The Lower Karewas, commencing with non-glaoial basal 
pebhle-beds, blue, huff and grey clays and sands, succeeded by lolts, varved 
clays, hgmte beds and silts mterbedded with moraines of the first and second 
glacial stages (De Tesra) The unoonfomuty at the top of the Lower Karewas 
represents an erosive interval during which over 2,000feet of the Loww Karewas 
were denuded from the crests of two prominent anticlines into which they are 
folded The stratigraphic level of this unconformity appears to be between the 
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Lower and Middle Pleistocene and is therefore oontemporanecnis with the 
slight stratigraphic break above the Boulder-Gongloxnerate honzon in the 
Potwar on the southern side of the Fir Panjal range The Upper Karewas are 
about 1,000 feet thick, almost wholly composed of the glacial wash and coarser 
moramic dehns of the third and fourth glaciations, Middle Pleistocene, inter¬ 
calated with the clay and marl deposits of the lake which intermittently filled 
the upper Jholum vaUey of Kashmir during a large part of the Pleistocene * 
Valuable pioneeruig work in the glacial succession as recorded in the Karewas 
and in the nver-terraoes of Kashmir has been done by De Terra during late 
years, but considerable detailed and systematic investigation remams to be 
done in the earlier Pleistocene and late Pliocene of Kashmir 

OboTBOTOVIO HiBTOBY of NoBTH-WBSTKBV IvDIA DUBIBQ THE 
Plioobb b-Plbistoobbb 

The period immediately succeeding the Tertiary was a period of intense 
orogemc activity in North-West India, it lioing the final phase of the uplift 
of the Himalayas, during which, to judge from various evidences observed 
in the Pit Panjal, the Kaslimir Himalayas were uplifted from 6,000-8,000 feet 
The tiltmg and folding of the nver and lakc-foimod Kart^was with the fossil 
plants, fish, batrachians, eUphas, rhmocBros, and a few human implements, and 
their extension to altitudes up to 11,600 fwt, afford a rough estimate of the 
extent of the movements and of their time duration 

The same conclusion is suggested by the 8oan sections of the Potwar on 
the Punjab side of the Pit Panjal Prom the vertically xnchned Dhok Pathan 
and Upper Siwaliks there is seen a gradual decrease ui the amount of inclination 
into the overylmg, almost horizontally reposing Soan alluvium Here every 
stage is well dated from Htppanon to Equua^ Mastodon to Elephas and man’s 
traces occur in the topmost disturbed beds An important chapter m the 
orogenic history of late Tertiary and early Quaternary time is thus recorded 
in the Pliooene-Ploistooene formations lying on either side of this interesting 
Kashmir range, and yet these piedmont formations record no disconformities 
The successive orogenic upheavals, instead of intemipting, seem to have 
accentuated sedimentation in the mib-montane troughs which were being 
depressed oomplemeutary to the rising mountains 
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AN ACCOUNT OF THE CHONDBOCRANTUM OF RAN A AFGHAN A 
AND MEQOPHRYfi, WITH A DESCRIPTION OF THE 
MASTICATORY MUSCULATURE OF SOME TADPOLES 

By L S Rama SWA MI, Department of Zoology, UniverAily of Mysore, 
Intermediate College, Mysore 

(CoTumnnicated ]>y Dr Baini PraHhad, 0 B E , D So , F N I) 
{Recei^yed June 18,1942, Read October 6, 1942 ) 

iNTBOmirTTON 

In another paper (RamaRwaini, lft41), I desorib<‘d the ohondrooranium 
of two torrent-dwelhng tadpoles, viz , Heleaphryne and a 'Cystignathid* 
frog * It was concluded there that on account of various disHimilar features, 
the 'Cystignathid* tadpole showed no resemblance with Heleophryne at all, 
except in a few external characters 

In this short paper, besidoH desonbing the salient features in the chon- 
drocranium of the mountain-brook tadpoles of Rana afghann (Qunth), 
Megophrys parva (Blgr ) and Mejgophrys rohusUi (Blyth), I propose to desmbe 
the masticatory musculature of Heleophryne and the Tystignathid* tadpole 
and also the musclcN ooimected with the suctorial apparatus of thiH^e forms 
For purposes of comparison, I have studied tadpoles of Microhyla (Microhylidae) 
and several species of Rana also 

In my previous papers (Bamaswami, 1940, 1941, 1941a) the historical 
account of work done on the chondrocramum of anuran tadpoles has been 
detailed While a large number of papers has beem published on lanid 
chondrocramum (Parker, 1871, 1881, Stdhr, 1881,Gaupp, 1898, Spemann, 
1898, Peetors, 1910, de Beer, 1987 and Pusey, 1938) there is onlv one account 
by Knnjtzer (1931) on Meyophrys montana (Kuhl) 

Matebiai. 

T am very grateful to Dr S L Hora of the Zoological Survey of India 
for making available some stages of the tadpoles ol Megophrys paroa and 
Megophrys rdbnsia and a stage of Rana afghana T am also thankful to 
Mr, J. L Bbadtin for sending me some tadpoles of JIf parva, and to the Director, 
Zoological Survey of India, for an adult specimen of Rana afghana T wish to 
express my sincere thanks to Prof A Ruhba Rau for helpful criticism 

* Anuandale and Mom 11922} deHciibed a todpola from the hills of Corhm, India, as 
lessmbling that of Hdsophrym and, themfoi*e, ofmignod it to the Ovstignathid family, 
the aduH of which is still unknown I have called this tadpole a *Cystignathid’ 
tadpole 
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h S RAHA6WAM1 AN AOOOtTNT OF THB OHONDBOaRANnTM 


The following stages of the tadpoles have been studied* 

1 Bana afgham (Qfinth ) (2 limbed), total length 61 mm., head and 

trunk 18 mm 

2 Megopkrya parva (Blgr) (premeiamorpbic stage) 

Stage A—^total length 26 mm , head and trunk 

9 mm 

Stage B—^total length 34 mm ^ head and trunk 

10 mm 

Stage 0—^total length 65 mm , head and trunk 

14 mm. (metamorphosing tadpole, 4 limbed) 

3 Megophrya robuaia (Blyth) (premotamorphic stage), total length 

39 mm , head and trunk 11 mm 

Obsbbvations 

Sana afghana (Gtinth) (51 mm premetamorphie stage) 

I shall restnot myself to the very important features noticed in the various 
r^ions of the chondrocranium since they resemble those of a ramd tadpole very 
closely 

Occ%p%toaud%tory regum The notochord is present on the ventral aspect 
of the basal plate and antenorly becomes wedge-shaped An operculum is 
noticeable A tectum synoticum is developed m the roof 

An interesting feature is noticed in tins region The pterygoquadrate 
umtes with the base of the otic capsule (text-fig, 1, ofc) (posterior to the 

irr\ 


bp. 


Tvxt no 1 —Transvenia section of B afghana m the region of otic oonueciion, x 24. 
bp , baealplate, fp , fVontopanetali gg , gaeeerlan gaagbon, Ima , M levator m anterior; 
b., M levator m poetenor eapeiflciaMe, ate , otic oaprolot poep., paraapheiund, pbo., 
paeudobaeal oonneotion, pro,, otic oonneotiou, tm, taema medialu; tfm., taenia teotl 
maigmalu, vel . vena oapitu lateralia 
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faonl nerve) forming a psefudobaaal connection (pbc) and doTsally it unites 
with the crista parotica forming the otic connection (j^ro ) The head vein {vcl ) 
runs in the cramo-quadrate passage 

Oriitottm^oral region • The processus ascendens is prominently present 
and this bears the typical relation with the pila antotica and with the branches 
of the trigeminal nerve The aide of the cranium is formed as in Rana (do 
Beer, 1037) 

Ethmoid region A pseudopterygoid process is wanting, anteriorly the 
quadratocranial commissure bears the processus quadrato-ethmuidalis which 
forms the quadrato-ethmoidal connection with the processus lateralis of the 
trabecula The cornua trabeculae are short, thick and broad The supra- 
rostral is large and powerfully built The cartilages supportiug the olfactory 
chambers are not formed The mfrarostrols are connected together by basi- 
mandibular and each is oomieoted with Meckel’s cartilage of its side by pro- 
cartilagmous cells 

Oanificaiion Frontoparietal (text-fig 1, /p ) and parasphenoid (paep ) 
bones are noticed 

Megophrys parva (Blgr ) Stage A, 26 mm , Stage B, 34 mm., premeta- 
morphio stages 

Megophrya robuata (Blyth)—39 mm , premetamoiphio stage 

Oocipiioauditory region The notochord is wedge-shaped and is not 
included dorsally and ventrally by cartilage A tectum synotioum is not 
developed m both species Two aoustic foramina (median and posterior) 
are noticed in both species No operculum is developed An otic connection 
18 absent 

Orbitotemporal region In stage A of JIf parva, a hypophysial fenestra is 
present, while in stage B of the same and in M rotitsto, the fenestra is absent 

There is an interesting feature m this region of the tadpoles of Jf parva 
examined There is a tougue-bke projection from the roof of the buooal 
cavity (text-figs 2a, 26) anteriorly in stage B, this is supported by a cartila¬ 
ginous piece 1 have called these the subethmoidal process (^p ) and cartilage 
(sec) respectively In stage A this subethmoidal process is noticed but is not 
supported by a cartilage. In M robuata again, the arrangement is as in stage 
A of if. parva 

In both speoies the ventral process from the pterygoquadrate (PI. 1, 
figs. 1, 2| pv and text-figs. 2e, 2/, vp ) and the processus infundibulons (PI. 1, 
figs. 1, 2 and text-fig. 2c, pt.) from the anterior end of the pterygoquadrate 
are oooBpioaaasly present 

The lateral prooesB from the trabecula gives nse to the quadrato-ethmoidal 
ligamenft (text-fi^. 2/, gel.). 

As in if. monkma (ErdjtKer, 1031) there ore two pairs of saprarostrals 
(text-figs. 2c, 2d, 20, art., Suprarostral 1 is large (PI. I, figs 1, 2, 
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TisxT Fios 2a, 2b, 2o, 2d, 2e »nd 2/ — TracwverHe Heoituiut uf Megophrya parm m the 
fluheihmoidal oartilage region (2a, 2b, x50) and in the region of upper and lower 
jaws (2e anterior and 2if posterior, x 25). 

be , buccal QpltheUum; bo', buooal cavity, ohy , oeratohyal, ol , cornua trabeoulae, ep*, 
ethzooid plate, gh , M. geniohyoideus, t»m , M mfundibularis, tr, infrarostndj M. inter 
mandibuloris postonor, la, M levator m anterior articmlane, la, M. levator m extemus) 
Ip, M levator m posterior profimduS} mo„ Meekers oartilage} 00 , olfactoxy ipO{ 
piooessus uifundibulans, pg, pterygoquadxate; gal « quadrato-eftlunoidal Ugament, 
aac, Bubethmoidal eartilage; «ep., Kubetlimoidal process, ari^, ar^, suprarostral 1 and 2$ 
tie, tendon of M levator in extemusi Ibfia,, tendon oi H. levator m. antedor j 
Ua , tendon of M. levator m. posterior superficialxai vp„ processus ventcmlisj afy, r. 
ophtlialmious profundus V 
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^i*)f articulating ventrolateraliy on either Hide of the ends of cornua trabeculae, 
proceeids posteriorly under the lateral portion of the tiornua as a rodiike struc¬ 
ture {ar\ ) The suprarostral 2, starting as a piece of cartilage articulating witli 
the lateral aspect of the cornua trabeculae, proceeds internally and embraces 
as a semicircle the rod-like portion of the suprarostral 1 

Megofhryn parva (Blgr) Stage C, 55 mm , metamorphosing stage 

Occ%p%toatidUorp reg%(m The notochord is surrounded on all sides, 
except ventrally, by the parachordal A tectum synoticum and an operculum 
have appeared Three acustio foramina are present The foramen acus- 
ticum medium and posterior are noticed together and the antenor in the region 
of the ductus endolymphatious 

Orbttaiemporal region The processus ascendens has broken down 
A carotid foramen is absent and in the region oi the oculomotor foramen the 
hypophysial artery becomes intracranial through the oculomotor foramen 
Antenor to the metoptic foramen the pila metoptica is indicated m the form 
of a slight elevation from the trabecula, which does not reach the orbital 
cartilage Therefore, there is no true pila metoptica 

Ethmoid region The suprarostral and quadratocranial commissure have 
broken down The cartilages of the nasal region are well developed 

Oeaificaiion While in M robueta a parasphcnoid is developed, m 
if. parva it is absent 

Masticatory muscles, 

1. Levator mandibulae posterior suporfioialis (Edgeworth, 1935) 

This muscle arises from the processus ascendens and the pterygoquadraic 
fanwise and has its tendon (text-figs 3a, 36,^ ) inserted on the inner aspect 

of Meckel's cartilage in Rana hetsadactyla Lesson, B cyanopJdycHs Solineid, 
B afghana,^ Hdeophryne, Microhyla and the 'Cystignathid* tadpole In B 
tigrina Baud, {text-figs 4a, 46), peculiarly the tendon {Us ) is inserted on 
in&arostral (ir.), a feature m which it stands apart from other tadpoles 

2. Levator mradibulao postonor profundus (Edgeworth, 1935) 

Arising similarly as the above but below it in position, this muscle 
has Its tendon inserted on suprarostral In R temporana (Gaupp, 1893), a 
part of the tendon is inserted on Meekers cartilage while the mam one is on 
suprarostral In B tigrina the smaller portion is lost m the connective tissue 
near Meckel’s cartilage; the longer (text-fig. 4a, Up ) gains attachment on 
suprarostral (sr) In il cyanopUyetis^ B hexadactyla, ffeteophryne and the 
'Gysttgnathid* tadpole, the large tendon is inserted on suprarostral; m ifego- 
phrys, it IB on suprarostral 1 In Microhyla the tendon is noticed posterior 
to the origm of Im, extemus In Pehbates Schulze (1892) found a single 
insertion, while Luther (1914) desonbod two as m JB temporana (Qaupp, 1893) 
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Tsxt nan 3a, 36 -^Transvarae rteationa in the anterior region of R hwdaetyla^ X 20 
an , anterior naris, 6jn , baannandibular, ca , M oeratohyoangiilana, d*, oonuxa traboouhie, 
homy lower jaw, ip, M intermandibularis posterior, w, infrarostral, la , M levator 
m. anterior artioulane, 2a6, M mandibulolabialia, te , M levator m extomus, Ip , M 
levator m poaterior profundus, la , M levator m poatenor Ruperficiahs, me , Meokel's 
cartilage,pi,prooeBBUBlatoraliB,pff ,ptorygoqiiadrete,«l€ .tendonof ievatorm extemna, 
tfeia , tendon of M levator tn anterior, Up, tendon of M levator m poatenor profundus, 
tie , tendon of M levator m posterior superfloialia, Vj , r tnaxillariB V 



Taxr new 4a, 46 ^Tnuuverae aeotiona m the anterior region of R ffgrtna, x 21. 


oa , M oeratohyoangulana, ee , oonuniaaural cartilage, eo„ oartilago obliqna; ethmoid 
plate, gh„ M geniohyoideua; ia., M intemumdlbulwria antenori ip,, M. 
posterior, %r , in&aroatral, 2o6, M mandibulolabialis, 2e, M. levator m eoctemus, or,, 
olfisotory sac, pi., processus lateralis, prs., prooeasus quadrato^hmoidalis, gel, quadrato- 
ethmoidal ligament, an , septum nasi; er., sttpiavostiali Uma„ tendon of M. levator m. 
anterior, Up , tendon of M levator m, posterior profundost U§, tendon of M. levator m. 
posterior Buperdoialis. tn , tectum nasi, , Vg*. Oa,, the three braaobes of tnaenunal narvei 
lep, worm parasite ^ 
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In Xtnopua (Edgeworth, 1935, Paterson, 1930) the levator mandibulae posterior 
is not differentiated into superficial and deeper parts, the muscle extends 
from the posterior part of processus muscularis 


3 Levator mandibulae antmor (Edgeworth, 1935) 


This muscle arises mvanably from the base of the otio capsule and the 
tendon is inserted on the external aspect of Meckel's cartilage (text-figs 35, 45, 
tlma ), this IB seen ui R cyanophlyctta, R hexadactyla, R hgr%na and the 
^Cystignathid’ tadpole In Megophrya it anses from the ventral aspect of 
processus ascendens, in Hdeophryne the origin is from the pseudobasal process 
before the latter unites with the cranium 

In Xenopua (Edgeworth, 1035, Paterson, 1939) this muscle arises poste¬ 
riorly to 1 m posterioi on the suboculai bar of the pterygoquadrate and is 
dorsal to the latter muscle 



5.^TrMasvme aeoitoii of the *Cysttgnathid* tadpole m the quadratooraxual 
oommisaure region, x 80* 

oa , M. oeratohyoangularis; gh, M. gemohyoideus, ip , M intermandibularis posteiior, 
la„ M levator m* anterior articulans, la , M levator m eztemua, hna , M levator m 
anterior; ip , M. levator m posterior profundus, I#, M levator m« posterior supeifioiabs, 
n , nasal: oh, M orbitohyoideus, pt , pila ethmoidahs, pin , posterior portion of teoturo 
nasi; ga., M quadratoangularis; aa , M« suspensorioangularia, vp' , ventral prooess, 
V|., t’a** branohee of the trigemmal nerve; z , tongue 

4 
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4 Levator mandibulae eiiiemuB (Edgeworth, 1936)* 

This muscle arises (text-figs 6, 6, 7, Is) fi*om the inner aspect of the 
processus musoularis and inserts by a tendon on suprarostral (text-fig 2e, tie ) 
In Mtcrohyla^ where the processus musoularis is not prominent, the muscle 
(text-fig 7, le ) arises from the external aspect of the pterygoquadrate The 
tendinous insertion may be separate from that of 1 m postenor profundus 
(Megophrya suprarostral 1, Rana) or united as m the' Cystignathid’ tadpole and 
Hdeophryne In Mtcrohyla T was not able to discover a tendon, for the muscle 
shows itself by the side of 8 U]m arostral from the very anterior sections 



Tsxt no 6—Transverse seotion of c^j^Aana in the region of processus musoulans, x80 
op , osvum nasole pnnoipale, ep , ethmoid plate, la , M levator m anterior artioularis, 
le , M levator m oxtemus, ^, M levator m. postenor profundus, U , M levator m pos 
tenor superfioialis. hna , M levator m anterior, qoc , quadratooraaial conuniSBure; pm , 
processus muaoulans, Uma , tendon of M* levator m. anterior, m., tectum nari; , r 
ophthalimouB profimdus V. 


5 Levator mandibulae anterior artioulans (Edgeworth, 1935) 

This muscle anses (text-figs* 6, 6, la*) bdow Lm* extemus inside the 
processus musculaTis and inserts directly on MedcelN cartilage and the tendon, 
4B 
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if pieaeat, is extremely short Only in Microhyla I was not able to note the 
presence of this muscle 

The levator mandibulae anterior lateralis (J2 temporaria, Pdobatw ; Luther, 
1914) and the levator mandibulae antenor subextemus (Pekbatesi Luther, 1914) 
are absent in the tadpoles examined by me Probably the Im anterior 
subextemus is merged with 1 m externus 



TaxT-no 7 —^Trararverw leotion in the antenor region of litenAyla omala, xSO 
e , oartilage, ea , M oeratohyoangulans, ehy , oeratohyal, gh, H geniohyoideus, fe, M 
levator m. extamus, Ip, M levator m poetenor profundue, Ima , M levator m antenor, 
la , M levator m poatenor euperfloialu, pg , pterygoqnadiate, ga , H quadratoangularw, 
aa , M ■uspeneorioangnlans, , M. mterhyoideua, «« , r. ntaxlUans V, z , tongue 

Mtuelet of the oral eueker 
1 Intermandibularis antenor (Edgeworth, 1936) 

In S afghana, aruung from Meokol's oartilage and inserted into the median 
portion of the posterior lip, is a muscle called A (Bhaduri, 1936), which is 
considered to be a modified M. intermandibularis antenor In the' Cystignathid * 
tadpole, JB hticadaetffla and Hdeophryne the muscle is wanting, in B ttgrtna 
(text'flg. 4a, ta), Mterohffbt and Megophryz it is present and runs between 
the two infrorostrals as in PtMxxlea (Lather, 1914) 

2. Mandibulolabialis (Edgewtsrth, 1936) 

In S aff^ema (Bhadun, 1986) this muscle goes into the loww hp fonwise 
firom Meckel’s cartilage; similarly, it is noticed in the ‘Cystignathid’. JSTeleo* 
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S hgrtna (text-fig 4b, lab) and B hemdactyla (text-fig 3b, lab ) 
tadpoles In Mtcrohyla and Megophrys it is absent Probably in Megophrya 
the infundibular muscles are modified M mandibulolabiabs (see below) 

Special mmcUs 

In R afgham, Bhadun (1935) described a muscle C, which finds a pro¬ 
bable homologue with the M diaphragmatobranchialis medialis of Schulze 
(1892) According to him this muscle arises from the skin posterior to the 
diaphragm and passing through the same is inserted to the ceratobranchial 
cartilage Edgeworth (1935) (ousidois this as M rectus cervicis Bhadun 
also described a muscle E, which ho considered to be modified, arising fiom 
the diaphragm and inserting into a ^cartilage in the exoccipital region’ A 
probable homology with M diaphragmatobranchiahs lateralis (Schulze, 1892) 
was noted However, this muscle—diaphragmatobranchialis IV (Edgeworth, 
1935) in Pelobaiea —arises from the diaphragm and is inserted to the 
ceratobranchial cartilage In the * Cystignathid * tadpole, the M rectus 
cervicis arising from the diaphragm, running by the side of the heart is 
inserted on the ceratobranchial cartilage In Heleopkryne this muscle anses 
from the ventral skin and is inserted to the ceratobranchial, it is short 

Mention must be made of the infundibular muscles of Megophrya (text- 
fig 2c, inm ) They arise from the infundibular process of the pterygoquadrate 
and spread into the lower lip, probably these are modified mandibulolabialis 
muscles 

Disousston 

The salient features m the orgamsation of the chondrocranium of the 
torrent-dwelling R afghana and Megophrys can now be enumerated and 
compared witli those in Ileleophryw and the ‘Cystignathid’ tadpole which 
also inhabit similar brooks 

In R afghana, m the occipitoauditory region, a tectum synoticum is 
developed os in other genera, viz , Ram, Bufo (Porker, 1871, 1876), Pdobalea 
(Schulze, 1892), Alytea (van Seters, 1922), Polypedatea (Okutomi, 1937), Ram 
(de Beer, 1937), Xempua (Paterson, 1939), Calypiocephalua (Reinbach, 1939)» 
Mtcrohyla and IJperodon (Ramaswami 1940) In Heleophryne it is absent 
while m the *X7ystigiiAthid’ tadpole it is developed (Ramaswami, 1941) In 
the metamorphosing stage of M parm it has appeared According to Kruijtzer 
(1931) it IS noticed m M moniam that * the tectum postenus originates in two 
phases, the anterior part before metamorphosis, the postenor part during 
metamorphosis' I have observed the occurrence of a tectum synoticum 
only m stage C of Jf parva and whether it makes its appearance pnor to 
this can only be settled by an examination of the intwvening stages 

The otic connection of the pterygoquadrate with the crista parotioa is 
not umfomily met with In Alytea (van Seters, 1922), Megophrya (Eruijtzer, 
1931), Diacogloaaua (Pusey, 1938), Calypiocephalua (Beinbaofa, 1^9), some 
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species of Bufo (Parker, 1876, Ramaswami, 1940) and Rwm cufitptB (Baxna- 
swami, 1940) the otic connection is absent However, in one senes of M 
numtana tadpoles (series 16) Kruijtzer (1931) recorded the occurrence of 
an otic connection 

Sana afghana possesses only two acustic foramina—foramen acusticum 
anterius and foramen acusticum postenus—as in ranids generally In M parva 
there are only two acustic foramina—^the foramina a medms and posterior 
m stages A and B In stage 0, all the three foramina are formed, the antonor- 
most appearing just behind the foramen ductus endolymphaiicus, while the 
foramen acusticum medium and posterior appear near each other, the former 
situated vontrally to the latter Kruijtzer (1931) also recorded in senes 
2 (17 mm ) of M montana that *At first (series 2) these foramina form one 
whole (fig 4) ’ and later on the thiee foramina are formed in the septal wall 
of the otic capsule The existen(*e of three acmstie foramina has been reported 
in a large number of anuran forms (Miyawaki, 1927, 1929, Beinbach, 1939) 

The operculum makes its appoarame during differtmt stages of develop¬ 
ment in different tadpoles The examined stage of R afghana possesses an 
operculum while only m stage C of parva it is noticed Kruijtzer (1931) 
desenbed the appearance of an operculum in a tadpole of M tnanlana measuring 
37 mm In the ‘Cystignathid* tadpole prior to metamorphosis, I have re¬ 
corded (Ramaswami, 1941) the occurrence of an operculum, while the same 
appeared during metamorphosis m Hehophryne 

In the region of the processus oticus connection in R afghana the 
pterygoquadrate unites with the base of the otic capsule forming a pseudobasal 
connection being posterior to the r palatmus facialis The vena capitis 
lateralis runs in the oramoquadrate passage between the otic and pseudobasal 
oonnections In the adult this connection breaks down into a pseudobasal 
articulation While a pseudobasal oonnection is formed m R temporarta 
(de Beer, 1937) only during metamorphosis (20 mm ) which later becomes a 
pseudobasal articulation, in JB afghana, long prior to the onset of metamor¬ 
phosis a pseudobasal connection is formed In R curltpes (Ramaswami, 1940) 
I have reported the ocourronoe of a pseudobasal articulation in premetamor- 
phio tadpole examined In MtgophryB (Kruijtzer, 1931), however, 'During 
metamorphoBis this ventral process [processus ventrahs oapsulae auditivae] 
foms a basal articulation with the basal process of the pterygoquadrate 
(fig 8) After metamorphosis both processes fuse, so that the j oint disappears' 
Thus, while the ohondrooranium is incompletely antosystylic, the adult skull 
18 completely autosystylic On the other hand, Rana afghana tadpole with 
the possession of a quadratocramal, ascendens, otic and pseudobasal connections 
is typically autosystylio and it becomes incompletely autosystyho after meta¬ 
morphosis The tabular form below shows the arrangement in the two other 
torrent dwelling forms from which it can be noted that R afghama is the only 
typically completely autosystylic form. Further, Megophrys, though a denizen 
of tcnreutial streams, possesses only two pterygoquadrate connections whereas 
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common tank-dwollors like R ttm^porarmt R hexadactyUi and R Ugnva posseati 
three connections, viz , quadratocramal, ascendons and otio. 


Catiilo^iwus connections oj the pUfygoquadrai^ with tAe crantum before 

metamorpho8%B 



Quadrate* 

(ranial 
conuniBsure 

Aaoendens 

oonneotion 

Pseudobasal 

oonneotion 

Otio 

oonneotion 

Rana afgltana 

The * Cystignathir! ’ tad 

preaetit 

proaont 

present 

present 

polo 

pronent 

present 

absent 

present 

Htleophrytie purcelU 

proBOiit 

abaont 

proHont 

preaent 

Megophrya parva 

proBoxit 

preaeni 

absent 

absent 


I have not l>een able to discover in M parm (stage C) the pseudobasal 
process appearing as a prooartilagmous Anlage independently of the quadrate 
below the otic capsule as desoribod by Kruijtzer (1931) m Megophrye and Alytea 
Pusey (1938) considered this rudiment in R temporaria as the basitrabecular 
process which secondarily gained attachment with the quadrate and later 
formed the pseudobasal articulation 

The carotid artery becoming intramural through its foramen gives off 
the ophthalnuca magna and palatine arteries In Megophrys, there is no 
palatine artery, and as in Aana, during metamorphosis, the trabecular portion 
between the carotid and oculomotor foramina breaks down 

Sbghtly posterior to the ethmoid plate, in stage B of Jf parva, there 
IS a subcthmoidal cartilage This is situated ventrally to the ethmoid plate, 
and IS independent, establishing no connection with any other cartilage* In 
an earlier stage and also in stage C of the same species this cartilage is absent, 
in the examined stage of Jlf nA>vsia, there is a digitiform process but this is 
not supported by a cartilaginous core Such a subothmoid cartilage has 
not been dosonbod in any tadpole so far examined 

A processus quadrato-ethmoidalis is reported to bo absent in M* momtana 
(Kruijtzer, 1931) and Xenopua (Kotthaus, 1933, Paterson, 1939) In my 
sections of Jlf parva, I have noticed tbe quadrato-othmoidal ligament running 
from the processus lateralis of the trabecula to the anterior face of the 
quadratocramal commissure In JR hexadaeiyla (Bamaewami, 1940) I have 
reported that m the premetamorphic stages, besides a ligamentary quadrato* 
ethmoidal commissure, there is also a cartilaginous one 

The suprarostral is powerfully built in R afghana as m the *Gystignathid* 
and HeUophryne tadpoles (Bamoswami, 1941) In Megopkrys, there ore two 
pairs of suprarostrals—suprarostral 1 and 2 Kruijtzer (1931) also recorded 
the same m Jlf tnotUana In PeiobaUe (Schulze, 1892; Luther, 1914) the supra- 
rostral 1 is large and oresoentio while the suprarostral 2 projects from the 
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posterolateral face of suprarostral 1 Some species of Bufo (Parker, 1881) 
have also two suprarostrals 

Unlike the ‘Cystignathid’ and Heleophryne tadpoles (Ramaswaini, 1941) 
the processus musculans is well developed m JB afghanu and Megophrys 

From the region of the pars quadiata arises m the two early stages of 
M parva and ilf rotmata an anterior extension called the processus infundi- 
bulariH In my figures muscles associated with this process arc also depicted 
A similar process is also noticed m M montana (Kruij tzer, 1931) This infundi¬ 
bular process of Megopkrya supports the lower hp from which aiises an extension 
which along with a modified part of the upper lip goes to form the 'fuimor- 
shai>6d mouth ho characteristic of these tadpoles Moreover, in the premeta- 
morphic stages of Megophrya examined at the region wheie the pterygoquadrate 
gives off the infundibular process, there also ariscvs a ventially directed process 
which IS caUed the ventral pi ocess It is free from muscular attachment and 
extends as far as the anterior region of the articulation of the ceratohyal witli 
tlie ventral aspect of the pterygoquadrate Such a process is also desciibed 
by Kruijtzer (1931) in M moniana These two processes in the stages 
examined show signs of breakdown during metamor|)hosis In M montana 
(Kruijtzer, 1931) the ventral process*remains diuing and after metamorphosis 
and plays an important part in the formation of the ventral pari of tlie later 
pat‘s quadrata* 

The development of a complete autosystyly in R afghanu, i e, the attach¬ 
ment of the pterygoquadrate with the cranium in four regions, is peculiar to 
this and the other two tadpoles, viz , the^Cystignathid’ and Heleophryne, lack 
one or the other connectioiiB But all these aro toiront-dwellors While 
Heleophryne has specialised in the possession of extra cartilages (dorsal rostral 
and sub*Meckehan) and Lgamentary connections (quadrato-otic), the *Cystig- 
nathid’ has developed by the widened rostral cartihiges, a powerful oral 
suotonal disc In Megophrya which simply float vertically in watei, the 
infundibular and ventral processes of the pteiygoquadiate aio developed 
Thus each tadpole has specialised in its own way and it is difScult to say 
which has evolved more suitable adaptations for a life in torrential waters 

In B afghaim, the intOTnaodibulans muscle is believed to be so modified 
that instead of runmng between the two infrarostrals, arises from Meekers 
cartilage and runs into the lower Up Such a feature is not noticed in the 
three other mountain brook tadpoles, viz, the 'Gystignathid*, Heleophryne 
and Megophrya In fact the muscle is wanting in the two former and R 
hexadadyla ; in Megophrya it resembles that of the ranids as described by Luther 
(1914) and Edgeworth (1936). Purthw, m Megophrya the mondibulolabiolis 
muscle is wonting and instead of this, the infimdibular muscles arising from the 
pfooessus mfundibulans spread into the lower lip In the Tystignathid’ 
and Hd^hryne tadpoles, the mandibulolabialis muscles ore well developed 

As regards the M diaphragmatobranchialis m B afghma, the median 
(w Bectos oenriois) and lateral (v diaphragmatobranohis^ IV) ones are well 
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developed In both the * Cystignathid* and Hehophryne tadpoles there is 
only one pan of muscles arising from the skin or diaphragm and ending m 
the ceratobranohial cartilage—tlie M rectus cervicis, the diaphragmato- 
branchialis IV being absent It is clear that in the absence of this lateral 
diaphragm muscle, which is supposed to crt^ate the vacuum necessary lor 
adhesion in these torrent-dwelling tadpoles, some other muscle must be 
responsible for it 

Bhaduri (1935) described in R afghana a muscle which he labelled F 
as a modified subbranchial muscle (Schulze, 1892) Edgeworth (1935) m his 
fig 418 labels the same muscle as mterhyoideus posterior but m the table of 
synonyms (p 271) he homologisos Schulze’s subbranchialis with constrictor 
coUi This muscle has not been noticed by me in the 'Cystigiuithid’ and 
Hekophryne tadpoles 

No muscle enters into the upper lip directly as in the lower, but the upper 
beak is controlled by the Mm 1 m posteiior profundus and 1 m externus 
which are inserted to the suprarostral 

CoNonusioK 

In the possession of an infundibular process, from which the infundibular 
muscles originate and spread into the lower jaw, Megophrys seems to be well 
adapted for a floating life No other special modifications are noticed in the 
chondrocramum R afgkana seems to be pre-eminently suited for a life in 
torrential waters, the possession of modified muscles of the sucker and dia¬ 
phragm and the four connections of the pterygoquadrate with the cranium are 
charactenstic 

Summary 

1 In the metamorphosing stage of Megophrys, there are three acustio 
foramina, m earlier, there are only two 

2 In Megophrys a processus ascendens is present and an otic connection 
is absent In R. afghana a processus ascendens, otic and pseudobosal con¬ 
nections of the pterygoquadrate are noticed As in ranids, the pseudobasal 
connection breaks down and the adult has only a pseudobasal articulation 

3 In stage B of Jlf parva a subethmoidal process is given off from the 
roof of the mouth mto the buccal cavity, this is supported by an independent 
piece of cartilage 

4 A prooeesuB quadrato-ethmoidahs is noticed m M parva , it is reported 
to be absent in M monlana 

5 From the region of pars quadrata of Megophrys, an infundibular 
process is given off from which infundibular muscles enter into the lower lip. 
This process breaks down dunng metamorphosis 

6 No other tadpole shows all the four oonneotions of the pterygo- 
quadrato in premetamorphio stage as is the case m R afghana, viz,, quadrato* 
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oranialf ascendeiiB, otic and psoudobasal oonnoctionfl Thufl R afghana is 
typically completely autOHystylxc 

7 The tnodifiod intermandibular muscle noticed in R afghana is absent 
in the ‘Cystignathid’ and Hdeophryne tadpoles 

8 A diaphragmatobranchialiH IV is wanting in the *Cystignathid* and 
Hdeophryne tadpoles 

0 Uniformly all the tadpoles examined me have the masticatory 
muscles, viz , levator m postenor suporficialis, 1 m posterior profundus, 1 m 
exteriius, Im anterior and 1 m anterior artiuilaris, only m Mtcrohyla the 
last one is wanting The 1 m anterior subexternus and 1 ni anterior lateralis 
are absent in all these A mandibulolabialis is wanting in Mtcrohyla and 
Megophrya Pecubarly in R ttgrvm^ the 1 m posterior superficialis is insertiKl 
to the infrarostral 
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Fio I —Duraiil iMpoct of the aiitonor portion of tho rhondnioraniiim of Mvgophnfs 
Meekers Lnrtilii|;e and infrarustrulH not shown, model, x r>(l 
Fig 2 — V'entral ospeet of the anterioi portion of tho rhonrlrorramutn of Mtqophrya ptirva^ 
model, x50 

ct , tiomna traboeulao, r;j, ethmoid plate, «r , iiifrarontral, wr,, MoikePs (artilu|io, wi« , 
median posterior portion of suprarostral 1 , po , pars nrtioularis Meiktli, pi , jirooessus 
infuudibulanR, pm , pmeoHsus nuiHouIaris, pq , pt(r^go(|uadrale, , proresHus ventralis, 
qcc , qiiadratocrarual ootnmissure, nvi , supraroHtral 1, /•r* , suprarostral 2, #rj' . posterior 
portion of sr| gaming relation with 





aAMETOOGNESlN AJ»)D EMBKYOOENY OF EVLOPHEA 
EPIDENDMAEA FIBCHEB 

jSiy B G L SwAMY 

(Communicated by Dr P Maheahwan, D Sc , F N1) 

(Bead OekAer S, IMt) 

Eidophea epidendraea Fiacher is a terreiitnal orchid, growing wild ui the 
scrub jungles of South India Of the several genera m tho sub>tribe 
Eulopiueae (Tnbe Vandae), Eulophea is the only genus reported fnnn India 
(Hodcer, 1894). 

The vegetative activity of the plant oonunonoes soon after the outbreak 
of monsoons m July The plant possesses large conical pseudobulbs, which are 
greenish m early stages^ and later turn greyish brown, with penostent leaf 
bases The inflorosceiioeSv usually 1 to 2 per pseudobulb, sprmg up laterally 
and attain a length of near^oS feet, bearing pale greenish flowers in racemose 
fashion ftom September to December 

Flower 

The sepals and petals are tree and spreading Tho purred hp is erect 
and arises from the base of the column, which is up to } inch m length The 
sepals, petals and lip are marked with red crested nerves The anther is two* 
c^ed and occupies a torminal position (Figs. 16 and 16) Tho short>stalked 
pollinia are attached to the discoid gland in the rostellum 

Mvsroaporogenene and meUe gametophyte 

Tho primordium of the anther onginates as two adjacent protuberances 
(Fig 1) consisting of actively dividing cells At an early stage, the central 
odls become elongated and higlilj vacuolated, forming a core of sterile cells 
in the centre Tto rest of tho cells lying between the core and tho epidermis 
remain highly protoplasmic and form the sporogenous tissue (Figs 2 to 4) 

The parietal tissae in the anther consists df 2 to 3 iayers of cells towards 
the distal and 5 to 6 layers towards the basid mid Some of the tapetal cells 
divide periolmaliy so as to form a 2>laywed tapetum at places here and there 

OHS -«) 

The ntioroBpote mother cells (Fig 6) undergo the usual stages of reduction 
division. Thirty bivalents were counted in the metapbase plate of ^ flist 
division (Fig Y) and the same number of univalents in the second division 
(F%. 8} resulting quartets may be eitimr isobOateral (Fig 9) or tetra- 
httdM (Fig. 13). 

FOIa iaE--llb. 1. 
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KigH 1 to 4—DiajorrmnH repr^ontizig tJie differentiation of the Btenie oore of oelle and the 
BporogeiiotiH masB of the author, y ca i67 Fig 5 —A portion of the cmther showing 
wall layers, tapetum and div idiiig miorospore mother cells* x 840 Fig 0—^Mioio 
spore mother cell, x 1200 Fig 7 - Metaphase plate of division 1* X 1200 Fig. 8— 
Metaphaso of division II, X 12(H) Fig 9—^Microspon^s of an isobllateial quartet 
dividing, X1200 Fig JO—Division of the mioroaporos* X1200 Figs II and 12— 
Stages ui tho movement of the generative cell, x 1200 Fig 18—A tetrahedral 
quartet at the tune of shedding* X 1200 Fig 14—^Pollen tube witli two male nuclei 
and the dogenoratmg tube nucleus, x liOO 


In tho diviHion «f tiu' inicroHporo, tho gonorativo cell is alwayu cut off 
towarda the exterioi (Fig 1^1) Thc‘ leoulting nuclei and ctjln are unequal m 
size almoHt from tho very beginning, tho gonorativo coll and nucleus being 
5B 
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smaller than the vegetativi) but displaying a greater avidity for stains than the 
latter After a time tlie wall between the two i^lls disappears and its place 
IS taken by a cleai space (Fig 11) The generative cell changes its original 
shax>o and becomes sphetical, its cytoplasm beoommg so hyaline and trans¬ 
parent as to look like a clear space The plasma of the vegetative cell 
gradually engulfs the geruiative and completely surrounds it (Fig 12) At 
this stage the position of the engulfed generative cell vanes greatly even in the 
same quartet and gives no indication of the original place where it was cut off 
(Fig 13) Pollima are sliced at this two-celled stage ot thc» male gametophyte* 

The nuc rospoies do not separate even at matuiit^ Pollen tubes are put 
foith Mimultaneouslv from all the foui cells ot the quartet Tn most cases the 
tube iiuclcniH is tlu' brat to «ntcr the pollen tube but in a few instances the 
reverse may happen Fvi^itually the tube nucleus occupies the tip ot the 
tube and becomes sligbU^ h 3 q)eitrophied befoie degeneration sc^ts in The 
ac'tuai divisuiii of the gcmeiativo nucleus was not noticed Thcj two male* 
nuclei aie ovate in shape and Jio behind the tube nuc'leus (Fig 14) 

Thc' pollen tubes pass ihiough the stylar canal along tlie laige vacuolate 
cells that form the core of tlu' column and roach the ovary about a wcu>k aftc \ 
pollination Within the ovar^ they proccHKl along on eithei side of the thus, 
placental ridges (Fig 17) and then distribute thomselvos to thc^ ovules 
Successful pollination is externally indicated by the enlaigemont ol the 
gynostegium 

Ovule 

The ovule beconics completely anatropous at a ver\ c^arlv stage of 
development The oiigiu and growth of the integuments can be followed fiom 
figs 18 to 20 The innei coat consists of two layers of colls while the 
outer IS smgle-lavored and remains so till the end During post-fertilisation 
stages the inner integument, togothei with the few nu<*e11ai (.oils at the c halaza, 
becomes oompletc>iY diHorgaiused so tliat the developing embiyo is in contact 
with the outer integument During later stages (when the proembryonal 
cells are elongating) the nuclei of the outer integumeiitai colls also disintei^ratc 
their cell walls thicken and become translucent It may he mentioned heu 
that because of this feature many of the post-fertilisation stages arc vf*n 
suitable for nuorosctopic exammaiion when whok mounts of the ovules are 
prepared in lactophenol or chloral hydrate 

Smbryo^eac and Fertit%mt%on 

A single hypodeimal archesporial cell difiorentiates in the nuccdlus about 
a week after poUmation No panotal cells are cut ofl Usually a T-shapori 
tetrad of megaspores is formed (Fig, 21), though linear ones aie also frequent 
The mioropylar dyad cell frequently disintegrates without dividing Thc' 
nuceUar tigpidermiE becomes disorganised at the 2-nucleatc stage ot the embryo- 
sao The subsequent stages in the formation of the ombryo-sae are quite 
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normal In many oases the mature embryo-sac is only 7-nuoleate, due to the 
failure of division of one of the chalazal nuclei at the 4-nuoleate stage of the 





Fig IS—Oynostegium Htid ovary, ponanth removed, Xca 3 4 Fig 16—Optical 
longitudinal section of Fig 16, viewed from the out eurface Follimum is 
shown as a black mass The stylar and the ovarian cavities are shaded, 
xea 3 4 Fig 17--Transverse section of the ovary, showing the placental 
ridgos and the pollen tubes on either side of tlie ridges, xoa 14 Figs 18 to 
20—Stages in the development of the ovule, xeo 267 Fig 2J—stage in 
the formation of tho roegasporc tetrad, X1200 Fig 22—Bfature embryo sue, 
X1200 Fig 23—^Double fertilisation, xl200 

sac (Fig 22) Tho ogg apparatus is oiganisiHl as usual at the micropylar end 
and the polar nuclei fuse just before fertilisation 

The pollen tube enters tho sac through tho micropyle and double fertilisa¬ 
tion takes place normally (Fig 23) The primary endosperm nucleus, formed 
after tnple fusion, degenerates without any further development 

Einbryogmy 

The first division of the zygote is transverse The next 3 to 6 divisions 
aio very irregular and take place without any defiiute sequence, resulting 



Fig 24—An earty gbago in the formation of the embryo, diowing the irregularly divide^ 
mmaofoeUa, x 00 .534 Fig 25—^Formation of tlw fllamentoue proembryo, xon 534 
Fig 26—A tyjpioal stage m the development of the einbiyo, four of the prombryonal 
oelb have elongated and enlarged, xea 534 Fig 27 - Optical 1 s of the developing 
need showing the retation of the mispeneor oeUa to the mirnmndmg tusues, x ea 107. 
F«g. 33-*-Hatuie seed showing the tnmspaient seed-coat and the embryo inside, 
xoa 107. Figs 20to81—Stagesmpoly«tnbryony} for explanation see text, Xoo 534. 



64 


B O L SWAMV OAHBTOa3SNBSI» ANB BMBBYOOSNV 


m a mass of irregularly arranged ccvlls (Pig 24) One of the terminal cells 
of that iTT€>gularly arranged mass dividofl periclinallv to form a filamentous 
row of 7 to 10 colls (Fig 25) On the other hand, the cells at the imoropylar 
end—usually 6 to 8—elongate* and protrude (Pig 26) out of the disorgiiniS(^ 
tissue of the inner integument and com<* in i ontact with the ctdls of the outei 
intt?gument (Fig 27) Their nucUu got livpertirophied to 5 or 6 times of 
then original hi/o At the same time' 2 3 of the ttiinina] (oils of tlie pro- 
embtyonal filament divide by vortical And oblique walls to give riHt to the 
actual embryonal mass, which occupies a more or less central position in the 
ovule The elongated (cJls of tht^ suspimsor wither away and become incon¬ 
spicuous in the matuie seed The ombrvo now lies suspended in the cavity 
of the s(H)d-coat by the degenerated and shiivelled tissue of the inner intf^i- 
ment The fruits open 6 to 6 months after fertilisation 

Polyemhryony 

Additional embryos, winch are 8ometimc*s pn^seut, arc» formed in one of the 
following ways — 

(1) The zygote divides irregularly to form a mass of cells, some of 

which lying at the chalazal end develop Himultanoously and give 
rise to multiple embryos (Fig 29) 

(2) The filamentous profunbryo becomes branched and an embryo may 

be formed at the tip of each branch as shown in fig 31 In 
one case as many as three embryos weie found to have arisen m 
this fashion 

(3) Buds are given out fiom the embryo itself and theses produce addi¬ 

tional embi yoK (Fig 70) 

Gonduston and Summary 

Certam stages in the development of the male gametophyte show a 
oloHo resemblance with those in Cymhid%um btcohr Lindl (Bwamy, 1941) 
The most important features of resemblance are the remaining together of the 
miorospores of the quartc^t, the cutting off of the gent'rativc cell towards the 
exterior and its later passage into the vegetative cytoplasm, and the division 
of fclie gcmerativo nucleus into two sperm nuclei m the pollen tube 

In the development of the embryo-sac there is a redin tion in the number of 
antipodal nuclei, a feature which is not uncommon m the Orohidaceae (see 
Schnarf, 1931, p 276) Recently it has also been reported in Acroanthe^ 
(Stenar, 1937-38) and Cymbtdtum (Swamy, 1942) 81iai*p (1912) regards this 
as a tendency towards the nnluotion of the vegetative portion of the gameto¬ 
phyte 

Except for some minor variations the course of development of tiie 
embryo also resembles that of Cymbtdtum btcohr (Swamy, 1942) The fila¬ 
mentous region of the proembryo is curved in the form of a sigma comostiJig of 
10-16 cells In Cymbtdtum, on the other hand« it is composed of only 6 to 10 
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oelb beconutiK crushed iii later stages between the embryonal mass and thc^ 
prolongations of the suspousor cells 

Polyemhryon\ originating by budding or proliferation of the soxualh 
produced embryo or proembryo or zygote is termed cleavage polyemliryony 
This IS adnnttodly a rare phenomenon in Angiosperms In a previous paper 
the writer (Swamy, 1942) recorded it*H occurrence in Cymbtdtum bicolort thc^ 
only othei form previously rcu'orded for Orchidaoeao bc'ing Ltmnorchiit i 
(Ernst, 1918) Bfilophea ppidendraett is another instance of this tviie of 
development 

The author wislies to take this opportunity to express his deep sense of 
gratitude to Dr P Maheshwai i of the Dace a TTniveraity for his able <*nticism 
and guidanc^e throughout this investigation 

PofiTSOBlPT 

Smoe forwarding this paper to the press, A Ernst’s monograph, ‘ Bastar- 
dierung als Ursache der Apogamic^ im Pflanzenreuh (1018) was available 
for reference to the autlior Tn it no reference of any sort is made to 
Lxmnorchus by Ernst It is quite probable that Webber bas overlooked this 
fact or the onginal was not accessilile to him In view of these, the present 
ease will have to be considered as the second instance among orchids to 
exhibit the cleavage type of i»olvembr\on\, the first being dymbidium b%cx>lor 
Lindl (Swamy, 1042) 
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^ The original paper was not available for referenoe Tlie literature has been cited 
from Webber [Bci Bee., 6, p 578 (1040)] where the plant referred to is prmted an 
(Orohidaoeae). Since no genus by this name occurs m Orchidaoeae, it might 
probably be Lmnmhiv 
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Pabt II 

P T RAMAC3HABLU and G Qopala Bag, Andhra Unwer^y, Ountur 
(Commumoated by Dr N B Dhar, D Sc , P N I., T E S ) 

{Received November 9, 1942.) 

Tn a previouH conmunioation Gopala Kao and Ramaoharlu (1$M2) have 
reported the development of a new technique for quantitative chemical 
analysis The photo-ohemical reaction between mer'^unr (*hlonde and 
sodium oxalate has been employed as the basis of a method for the quan 
titative estimation of merturK chloride This reaction takes place rather 
slowly when the reaction mixtuic is exposed to sunlight in i^lass vessels, hence 
they employed nranvl nitrate as a photo-sensitiser to a< oolerate the reaction 
In this way, the reduction of the mercuric* chloride to mcrreumus (‘hlonde can 
be made to occur quantitatively m sunbpfht or m the light of the quart? mercury 
vaponi lamp under conditions specified m the paper It was, however, noticed 
that with uranyl nitrate as photo-sensitiser the reaction does not take place 
rapidly enough in the light from a 1,()0(> watt tungsten filament lamp Many 
laboratories may not afford an ultraviolet ra^ equipment, moreover, uranium 
salts are costly We, therefore, attempted to use a cheaper photo-sensitiser 
which will permit cxpo^utes from a l,(XKi watt tungsten filament lamp We 
found that ferric clilonde answers thopuipose at veiy concentrations In 
this paper we describe the conditions under winch a (|uantitative reduction 
of merouno chloride by oxalate can be efifeoted with feme clilonde as photo- 
senmtiaer with different types of illummation 

Expbbihxntal 

A mixture of the requisite quantities of mercunc cblonde, sodium oxalate, 
and the photo-sensitiser waa exposed to light and after the reaction was over 
the mixture was treated with an excess of a solution of iodine in potassium 
iodide as m the previous work The icxhne reacted with the precipitated 
mercurous chlonde, and the unreaoted iodine was titrated witli a solution of 
standard sodium thiosulphate From the amount of iodine consumed one 
could calculate the amount of mercuric chloride ongmally taken 

From a large number of trials it was found that the use of feme chloride 
at high concentrations results in the furthei reduction of mercurous chloride to 
metaDio mercui^ even m short exposures A solution of M/100 ferric chloride 
m M/100 hydroelilmno aoid was prepared and preserved in a stoppered brown 

VO£, nC--Ko. 1 [Published 18th May, 1848. 
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Jena bottle The preBence of hydiochlono acid and the mode of preBervation 
prevented the hydrolysis of feme chloride for a considerable tune From 
this stock solution was prepared by dilution with distilled water the M/]0^(KK> 
solution of feme chloride ji st before it was required for use as photo-sensitiser 
Otherwise solutions of this dilution undergo marked hydrolysis very rapidly 
It was noticed by us that solutions c ontammg hydrolysed feme chloride do 
not exhibit marked photo-sensitisation It must also be remembered that the 
concentration of hydrochloric acid cannot be kept too liigh bec^ause the reduc¬ 
tion of mercunc chloride is inhibited by a high hydrogen ion concentration 
A few typical results from out of the many obtained m sunlight are given m 
the table below 

Table I 

X ml of M/20 HgCla+X ml of N/5 Na 8 C 204 +X /5 ml of M/10,00() FeCls 
exposed for one hour to sunlight m 100 ml Monax conu^al flasks 


Milliliters of 

MiiligraniH of 

VTilligramH of 

HgCls solution taken 

memiry taken 

moreurv found 

J 

10 OH 

1011 

2 

20 00 

2005 

5 

6016 

60 Tt 

7 

70 21 

70 21 

JO 

100 30 

100 2 

J5 

160 46 

140 9 


Feme chloride at this dilution does not liberate lodme from potassium 
lodidf' in amounts detectable even by starch Hence its presence will not 
vitiate the lodometrie estimation of mercuruus chloride 

Erpertmenift in the light of a qinartz rnercun/ vapour lamp 

The mixture of mercuric chionde, sodium oxalate and feme chloride 
was exposed in a conical flask kept underneath the arc It was found necessarv 
to employ a higher concentration of feme chloride, namely M/2,000 

Table IT 

\ ml of M/20 HgCIi+X ml of N/S Na8C804+X/5 ml of M/3,000 Fedg 

exposed for one hour 


Millilitont of 

MiUigrams of 

MilligraiUH of 

solution taken 

mercury taken 

merourv fonml 

1 

1003 

1004 

2 

20 06 

20*08 

5 

6016 

6012 

7 

7021 

7016 

10 

100 30 

100-1 


The meuury an' was of the Hereaus type worked on 220 volts DO at 
3 5 amps 
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Expmmemia %n the UgM from a IfiOO waU tungsten filament lamp 

The mixture was exposed m a 100 ml oomoal flask kept underneath the 
eleotnc bulb ^J^he lamp was worked on the 220 volts A C mams at 4 amps 
It was found necessary to use a high concentration of feme chloride of the 
order of M/60 Ferric ohlondo at this oon<*entration liberates iodine from 
potassium iodide, but in the presence of excess of oxalate it does not do so 
Hence, oven this high concentration of feme chlonde will not interfere with 
the lodometnc estimation under these conditions 

Tablr ITI 

X ml of M/20 Hg(1j+X ml of N/6 Na,C 204 +X /5 ml of M/60 FeCl, 


MiUiliters of 

exposed for two hours 
Milhgrams of 

MiOigrams of 

HgCl 2 solution taken 

Hg taken 

Hg found 

1 

1003 

1006 

2 

20 06 

2012 

6 

6015 

60 22 

7 

70 21 

70 04 


We also found that much smaller quantities of mercury can be estimate i 
than those indicated in the tables We refrain from givmg the results for lack 
of space 

StTMMABY 

1 From the results presented m this paper it is evident that ferric 
chlonde, at suitable concentrations, serves as a good photo-sensitiser for the 
quantitative reduction of mercunc chloride by oxalate in sunhght Moreover, 
the use of feme chlonde enables us to work with a cheap source of artificial 
light, namely, a 1,000 watt tungsten filament lamp 

2 Our expenments showed further that with feme chlonde os photo- 
sensitiser one can carry out the reaction in sunlight m brown glass bottles 
With brown glass bottles the danger of reduction of mercurous olilonde to 
metallic mercury due to unduly long exposures is entirely eliminated Under 
these conditions one can also use with safety higher concentrations of feme 
chlonde than have been indicated m Table J 

We demre to express our grateful thanks to Prof N B Dhar, DSc. 
(Lond ), Dr 6s Sciences (Pans), FIC , IBS, of Allahabad for his interest 
m this work. One of us (P T B) is indebted to the authonties of the Andhra 
Umveraty for the award of the Kistna District Board Besearoh Fellowship 

BXFaiUBKOX 

Qopala Rao, O and Ramaoharlu, P T, (1942) Photo-chemioal Analysis Part I 
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SYAirOKlUM ON HEAVY CHEMICAL INDUSTRIES IN INDIA 


TUTEODUCTOBy NoTB 

At the meeting of the Gounoil of the National Institute of Sciences of 
India held on the 4th February, 1941, it was suggested to hold a Symposium 
on ^Heav> Chemical Industiies m India’ at either Bangalore or Deliii 
After oonsultmg the Members of Council reaiding at these places it was 
finally decided to hold the Symposium at the Ordinaiy General Meeting of 
the Institute to be held at Delhi by tlie middle of April, 1941 Sir S S 
Bhatnagar and Dr (now Su) J C Ghosh were request^'d to organise the 
Symposium The Symjiosium was held at the Physios Lecture llieatre of the 
Umversity of Delhi on the 19th April, 15141 

Owmg to preoccupations of possible contnbutors and shortness ol notice 
it was not possible to secure a sufiicient number of contributions which would 
correctly reflect the present position of heavy chemical industries in India 
and the present and future problems ol developing them A consuieiable 
numbei of unjiortant c^ontnbutions represeutmg vanous aspects of the sublet t 
were, however, received and thev aie pubhshed m the following pages 
Naturally, attention has been poiiitodly drawn hy several speakers to the 
manufacture of sulphuric and, the position regardmg which requires close 
examination and watch The contributions deal with phospliatK^ iertiliseis, 
cyanamide, urea and olhed substances, glycerine, magnesium chloride, potasli 
salts, water glass, acetic acid and fonnaldehyde The manufacture of these 
substances, which are of great importance for a number of out basu nidus 
tnes, has acquired special importance at the present moment 

The war has drawn attention to a group of correlated factors which, 
although of fundamental importance in the mdustrial development of a 
(K>unta*y, have not hitherto boon much noticed m India The most nnjioitunt 
among thc'^c are a planned and systematic survey of the a\aiJable basic raw 
materials including minerals and forest products, and the rlcvelopmcmt ol 
industries for pnicossing them to the finished goods stage niKtead of exporting 
them 111 the ‘ raw ’ cKindition and importing the finished products Other 
questions of fundamental importance are the oo-ordmated development of the* 
tranfe^ort system of the country, prosecution of fundamental and applied 
research m the Universities and teohnologiool institutions and the training of 
dsiUed labour The Symposium draws attention to some of these problems 
and shows the attempts which are bang made by ofiiciol and non-oilicial 
agencies to tackle them —S F Agkabkab, Honorary Secretary 




UTILISATION OF THE STRONTIUM MINERALS OCCURRING IN 
TRlCHINOrOLY DISTRICT, MADRAS 

By N jAy4RAM4y, Initan IruiMvJU of 8c%encty Bangalore 
(Bead at Sympostum^ April 19^ 1941 ) 

Almost all the workable strontium dc^posits of the world are of sedlmentar^ 
ougm Gkmerally strontium occurs as the sulphates celostite and the carbonate 
Htrontianite Even though both these minerals of strontium aie rare, oelestite 
seems to be more common than strontianite Its picsenee in minute traces 
in surtai'e waters is also recognised It is present in large quantitu^s m some 
springs and well waters The mannm m which the minerals ceh^tite and 
strontiamte occui in sedimentary rooks vanes widely In many oaseH the 
orystals of those minerals occur throughout the sedimentary rock formations 
of a particular area They also occur as large lumps and an contmuous rock 
masses interstratificd with other formations Sometimes those ociur as 
fairly good crystaUiue aggregates on the surface of eroded sedimentary rooks 
along with gypsum 

Strontium either as oelestite or as strontianite occurs in all the ooiintnes 
of the world But its occurrence is rather limited Only a few countries 
possess large deposits of these minerals Some of the larger deposits occur 
in places winch are very inaooessible and so they are not being worked at 
present 

Till recently it was considered that the occurrence of strontium was rare 
m India In 1939 the author of this paper discovered the presence of a large 
deposit of strontium minerals in the cretaceous rocks of Tnchy District Before 
the discovery of this deposit, there wei-o only thret^ recoided oc<*urrenoes of 
strontium minerals m India Blanford of the Geological Survey of India, lu 
one of his memoirs, refers to an occurrence of strontium as having been found by 
Fedden in Western Sind It is rcjiorted that it occurs only very sparingly and 
as scattered crystalline lumps on the euiiace of the Kirtar limestone hills of 
Kohistan The occurrence of a small quantity of strontium minerals was 
also found by A B Wynne m red clays of Tertiary age m Kohat District, 
N -W Frontier Provinoo Jones reports the occurrence of small quantities 
of strontium sulphate along with large quantities of barium sulphate in the 
nodules dredged off Colombo The occurrences mentioned above are veay 
limited and so no economic exploitation of these deposits was attempted* At 
present almost all the strontium consumed by India is imported, but statistios 
are not available to find out the quantities mvolived 
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While engaged in a mineralogical and choznical etady of the phoqohatio 
nodulea from Tnchmopoly, the author noticed the preeence of a orystalhne 
white mineral whioh filled up the aeptarian oracks in the nodules This muieral 
was also iound to occur as fan-like radiating aggregates even in nodules which 
wore free from the aeptarian cracks On examination it was identified to be 
celestite On the average^ the phosphatio nodules hold about 3% oelestite 
and in some cases it is as high as 15% Previous investigators of the phos¬ 
phatio nodules had mistaken this mineral for gypsum which is also found 
along witli celestite The presence of oolostite m the phosphatic nodules led 
the author to look for its occurrence outside the nodule also, viz , in the clay 
bods in association with gypsum A trip to the area was arranged and a 
detailed examination of the clay beds N -E ol Utatui, a village situated about 
20 miles to tht' N -E of Tnchy, revealed the pieseuce of large quantities of 
celestite 

The mineral celestite occurs heie along with gypsum as lumps of vaiyuig 
sizes Masses weighing from 50 to 00 lbs are also met with A block oi 
celestite weigliing about 75 lbs has been kept at the Indian Institute of Science 
Miisiuin for exhibition These masses are invanably mad(» up of radiating 
and paralleUy arranged columnar crystals of celestite The individual columnar 
(rystal oi such masses has a maximum thickness of about 0*5 cm and a 
maximum length of abemt 7 cm Unaltered and washed specimens give on 
analysis about 95% SrSO^ But most of those lumps of oelestite were found 
to 1)0 m varying stages of alteration, the mam product of alteration being a 
hbrous strontianite In many places the original celestite blocks have been 
completely altered to strontianite and in some they have given place to a 
yellow amorphous oartiiy material This material was also found to be com¬ 
pose d mainly of strontium carbonate wiili a large admixture ol silica and other 
impurities The celostito and its alteration products are found oociirnng in 
small isolated heaps over a large area covering sixteen to twenty square miles 
'Fheir occurronce is rathoi abundant m an aiea of nearly 2,000 acres adjouiing 
Karai and Thirani villages On a rough preliminary survey, it is climated 
that this deposit contains about a million tons of celestite and some strontiamto 
On the average these minerals contain about 46% strontium oxide which is 
equivalout to nearly 80% SrS 04 Researches carried out at the Indian 
Institute of Science by the author indicate that it is possible to treat the 
powdered strontium minerals from Triohy with a view to remove most of the 
objectionable impmities such as silica, clay, calcium phosphate and calcium 
carbonate, by cheap physico-chemioal processes and obtain a cmcentrato 
contaming ovei 96% strontium sulphate. 

Though the area in which the oelestite and strontiamto occur was surveyed 
so long ago as 1865 by the Geological Survey of India, the presence of these 
minerals was not even suspected (except m one case where a photograph ol a 
lump of celestite has been publndied by Bamaswanu Sivan in some other 
connection) m these areas, the deposits bemg generally mistaken foi gypsum 
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which also ooours in this locality in considerable quantities The gypsum is 
for the past few years being worked by some private companies which have 
been assigned the lease of this area only for the mining and exploitation of 
gypsum In the course of a survey of this area in December 1930 the author 
found that these companies, bemg ignorant of the identity of the oelestite and 
strontiamte found in large quantities amidst the gypsum, had as a rule collected 
them in dumps as of no value, while a percentage of these minerals was also 
being mixed up by inadvertence with the gypsum that was mmed and removed, 
because of the inability of the pickers employed by these companies to dis¬ 
tinguish m all oases between gypsum on the one hand and the other two 
aforementioned minerals on the other But now, after the discovery of the 
strontium minerals was announced, some of these companies have applied for 
and obtamed mming rights for these minerals also 

Detailed investigations carried out by the author at the Indian Institute 
of Science showed that the finely powdered oelestite from Trichy is easily 
decomposed by heatmg it m a 10% solution of ammonium carbonate Com¬ 
plete decomposition was effected after heatmg the solution for two hours 
The resultuig solution contamed most of the strontium as strontium carbonate 
precipitate and all the sulphur as ammonium sulphate in solution Thus, 
most of the ammonia used as ammonium carbonate could be recovered as 
ammomum sulphate which could be considered as a valuable by-product 
The strontium carbonate is the most important compound of strontium so 
far as its mdustnal utilisation is concerned Because, it is the starting material 
for the preparation of the other compounds of strontium The strontium 
oxide, which is extensively employed for the manufacture of beet sugar and 
for the complete extraction of sugar from cane molasses, is prepared from 
strontium carbonate by heatmg the latter m the presence of steam and coal 
Strontium oxide is also prepared by igmting the nitrate, but this process 
IB not practised for the large-scale production of the oxide Strontium hy¬ 
droxide, obtamed by addmg water to the oxide, is the material which is actually 
employed in the sugar mduatry The sugar combmes with the strontium 
hydroxide to form strontium sacoharate, which being difficultly soluble separates 
outp This is then filtered out and treated with carbon dioxide, when strontium 
18 deposited as carbonate The sugar in the solution is recovered by filtering 
off the sdution, evaporating it and then treating it m a refinery The other 
use for strontium salts (especially strontium nitrate) is for the production of 
red light of flreworkSp Strontium salts are also used in medicine 

Ameiioa and other countries, which produce beet sugar on a large scale, 
ttre big consamers of these strontium mmerals as they are essential for the 
produottoii of thm kind of sugar. Especially in America the demand fcr 
stronilam salts is very great As India is not a big consumer of strontium 
salts most of the strontium, either in the state of concentrated oelestine powder 
or as manufactured strontium carbonate could be exported at a great profit. 

6 
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The latter proceos is more advantageous since the by-product (ammcmium 
sulphate) resulting from this process is a valuable fertiliser 


The author of this paper has also worked out a prooess for the preparation of 
strontium oarbonate from the Tnohy oeiestite using soda ash This proooss has been 
handed over to a company at Triohy which would shortly start producing strontium 
ccubonate The author of this paper has also worked out prooesses for the manufacture 
of the other compounds of strontium^ viz chlondcp nitrate and the hydroxide, from 
the Tnohy oelostite 


6b 



MANUFACTURE OP UREA, DICYANDIAMIDE, MELAMINE. 
GUANIDINE CARBONATE AND GUANYL 
UREA SULPHATE 


By Y Sankabanabayanan and H K Sbb, Indian Lac Reaearth Inslttvte, 

Namhum, Baneht 

(Bead at Symposium, April 19,1941) 

AminoplasticB form ono of the main branchea of the qmthptic plastic 
industry of modern tunes That uroa and formaldehyde condense to produce 
resins when treated under suitable conditions was observed as early as 1884, 
and since then a great many varieties of urea formaldehyde resins have been 
prepared suitable for different purposes In addition to its use as a starting 
material for synthetic resins, urea finds other wide apphcations as a fertihser 
and m medicine for the preparation of eortam specifics like uroa^stibamine, 
etc The immediate interest that drew the attention of the Indian Lac 
Research Institute to the production of this chemical on a largo scale was 
created by the fact that shellac when suitably compounded with urea and 
formaldehyde gives rise to a resin which with proper fillws yields moulding 
powders which could be used for producing articles m the compression moulding 
press, working on the Bakelite technique This powder has been found to be 
a cheap and suitable substitute for the now very familiar bakelite In addition 
to urea, several other related nitrogenous substances like cyanamide, dicyandi* 
amide, and guanidine are known to be usable for the production of synthetic 
resins. The latest addition to this list is melamme, the resins from which 
have been found to have very remarkable properties as regards hardness, 
transparency and heat and water resistance It finds extensive apphcation 
in the textile field where fabrics are rendered antiorease with the aid of a 
melamine formalddiyde resin It is also known for the readiness with which 
it farms resins with sugars, phenols, anilme, etc., thereby resultmg m a very 
wide range of products useful for a variety of purposes Melamme also, like 
mrea and the other ohenuoals mentioned above, has been found to be useful 
for the production of shellao moulding powders. Attention was therefore 
directed to evolve smtable methods for the production of these chemicals on a 
huge scale using, as far as possible, only such raw materials as are readily 
available or produced in India, in plants that could be made m the oountoy 
It is hoped that the manufacture of these chmuioals cheaply and m sidfiaient 
quantities will not only lead to the establishment of a sound shellao moulding 
powder Industry but also give a great fiihp to the starting of urea and mehunine 
resins in this country. 
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Urea 

There are several processes known for the production of urea but only 
two of these are beuig exploited commercially The main raw materials 
are ammonia and oarbon dioxide in the one and calcium cyanamide in the 
other. 

Carbon dioxide and ammonia are available oven under present circum- 
stances, and their availability could be considerably increased by properly 
orgamsmg the existing coke oven and fermentation industries Besides, 
limestone being plentiful, a gaseous mixture containing about 30% GO£ may 
be readily obtained by burning a 7 1 mixture of limestone and coke, the lime 
obtained thereby being used for the generation of ammonia from ammonium 
sulphate Another alternative method would be the burning of coke with a 
minimum excess of air The oarbon dioxide thus obtained may be passed into 
potassium carbonate solution to produce potassium bicarbonate, which, on 
heating, liberates pure oarbon dioxide, loavmg the carbonate ready again to 
absorb fresh oarbon dioxide 

Calcium cyanamide, the alternative starting matenal for the manufacture 
of urea, is itself a fertiliser, and is produced m large quantities m Europe and 
Amenoa It used to be imported m good quantities before the present war, 
and 18 even now available m India m moderate lots But the establishment 
of a calcium cyanamide plant m this country is by no means difficult and with 
the rapid development of our hydroelectno schemes, the day may not be far 
off when a thriving oaloium cyanamide faetoiy makes its appearance The 
rise of such an industry will naturally lead to cheaper ammonia, thereby 
making the entire process more profitable The utikty of calcium cyanamide 
in the manufacture of certaui nitrogenous heavy chemicals will be seen from 
the scheme below — 


Caloiiim oyanamide 


Ammonia 


Cyanamide 


Hydrolysis 


Uxea 


ifftlAmmft and 
deamination 
products 


Dioyandiamide 

-f- 

-^BfeUunine and 

guanidine oarbonal 


Ferilhier 


For shMlao moulding 
powders 


Quany) urea sulphate 


For sheUao moiddiiig powders 
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The main reactions in the formation of urea from carbon dioxide and 
ammonia are as follows — 

/NH. 


1 2NHa+COa^-*-CO 

Ammomvan earlMumAt^ 

NH. 


2 CO< " 
\ONH4 


\ONH 4 
fuzn earl 
.KH. 

\NH. 


-NHg 

CO^ + H,0 

.NHj 
Urea 


The first reaction takes place when dry ammonia and carbon dioxide 
(m the volume ratio of 2 I) are passed into a cooled chamber The ammonia 
may be dried by passing it through suitable towers filled with lumps of quick¬ 
lime and the carbon dioxide dned by passing it through a sulphunc acid 
scrubber The dry gases m the proper proportion are allowed to mits m a 
sufficiently large chamber where they combine to form ammonium carbamate 
with evolution of heat As the carbamate dissociates oven at lower tempera¬ 
tures, the chamber is maintained cold artificially by an external spray of cold 
water The temperature is maintained at about 25*’C and on no account 
should be allowed to rise beyond 30°C As the reaction is a reversible one, the 
gases issuing from the reaction chamber. A, always contain the unreacted 
ammonia and carbon dioxide which can bo recovered by passing the mixture 
through vessels G, C, containing a fine suspension of gypsum in water Here 
the ammonia and carbon dioxide get fixed as ammomum sulphate and calcium 
carbonate respectively This ammomum sulphate is recovered and re-used 
for the generation of ammonia On opening the carbamate chamber, B, 
plenty of ammonia is evolved and this also may be recovered as stated above 

The collection of ammonium carbamate from the sides of the carbamate 
plant 18 rather difficult, as the carbamate forms a rather hard mcrustation 
Therefore, the plant must be provided with a very efficient scraping equipment 
as shown m the figure 1 

The next stage is the conversion of ammonium carbamate into urea 
This conversion does not usually exceed 43% of the theory, working under the 
best of conditions (170^-190^0 for six hours) But by conduotmg the reaction 
in the presence of a large excess of ammonia the yield of urea may be raised 
to as high as 80% of the theory, by usmg both ammonia and carbon dioxide 
under pressure The carbamate is packed inside the autoclave of appropnate 
thiokness, the packing ratio being not less than 0 7 gm. (preferably 1 gm) 
pw 0 0 volume of the bomb The heating may be conducted by gas or 
electricity and the contents of the autoclave are mamtamed at about 180*X! 
for six hours. The pressure registered is about 1,0OO*-1,6(X> lbs. per sq. inch. 
As stated before, the conversion proceeds only to the extent of 40-43%, the 
rest remaining as carbamate and a part hydrolysed as ammomum carbonate. 
Alter coding, the autoclave is opened and the issuing gases (ammonia and 
oarbem dioxide) recovered in the gypsum tower as stated above Water is 
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then poured in and the urea dissolTed out. The concentrated aolution is 
filtered off from suspended impurities if any and then evaporated till a few 
c c taken on a metal surface solidifies almost immediately The unreaoted 
carbamate and the carbonate formed decompose during concentration and the 
gases are recovered as described earlier. The practically fused urea is then 
poured out into a quadrangular dish of steel or copper lined inside with tin 
and allowed to set The urea is pure enough to be directly used for most 
purposes 



Fro. 1 Uzea Plant 
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(Joat aheeit 

A Capitol Expenditure— Bs. 

4 Urea bomba (IJ' diam. x 3' height) 2,800 

Garbomote Plant— 

Ammonia generator 200 

3 Oondeneation ohambeni (3' diam x 0' lieight) 2,250 

3 Ammonia drying towers 300 

4 Absorption towers 400 

Evaporating pan (steam jaoketted) 1,000 

Small steam boiler 3,000 

Lime-kiln 500 

Gas holder 1,000 o ft 1,500 

Comprosaor 1,500 

Cylinder for compressed CO^ 150 

Kilter press 400 

Vats, etc 2(K) 

Mounting (moluding pi|>e linos, otc ) 500 

Building 2,000 


B 


0 


Total 10,700 


process oliarges— 

Depreciation at 10% on block account 
Interest at 5% on block account 
Supervision 
Labour 


Total 


Cost of materials— 

Ammonium siilniiate 1,056 lbs , @ Rs 190 per ton 
Lime 448 lbs , @ Be 1 per cwt 


Leaa cost of 1,088 lbs CoSOa produced in the reaction, @ Rs 20 per ton 


PluB 5% for impurities cost of 272 lbs of dry ammonia 


1,600 lbs limestone, ® Rs 10 per ton 

800 lbs ooal equivwnt to all charges of heating, compression, 
scrubbing, etc , @ Rs 10 per ton 


Laaa 890 lbs lime, @ Be 1 per owt 

Cost of 352 lbs. OOg 

272 lbs, of dry ammonia 
862 lbs of 00s 


Phta cost of 6 owt. 0aSO4 
Process ohwrges 

Xss# pvioe of 5*6 owt of ammonium sulphate .. •• 

£<i*prioeof 4*26owt, ofCoOOs, @ As.8perowt •• 

Oostafl921bs urea or cost per lb of urea is about 5 annas •• 
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For very large-scale operations, liquid ammonia and liquid carbon 
dioxide are introduced into a pressure and heat resistant bomb where the 
formation of carbamate and its conversion into urea take place simultaneously 
The capital investments on such a plant are naturally considerably more. 

Urtafrom calcium effanamtde 

Calcium cyanamide is the other source for the manufacture of hmited 
q’ i latiti of urea Though the pnce of urea from imported calcium oyanamide 
XH hk tly to be somewhat higher than when prepared by the above process, 
thi fact that the operation is very much simpler and mvolves the outlay of 
only a comparatively smaller capital makes the process attractive for the small- 
scale producer The process as worked out at the Indian Lac Research Institute 
IS described below 

Commercial calcium cyanamide (100 lbs ) is mechamcaUy stirred m a large 
lead-lmed wooden vat with 50 gallons of water (temperature 30°-35^C ) and the 
aqueous extract is then filtered through u filter-press The filter-cake is agam 
washed with about 10 gallons of water The collected filtrate is then treated with 
dilute sulphuric acid (35 lbs of acid of sp gr 1*84 diluted with 1 gallon of water) 
till famtly acidic The precipitated calcium sulphate is filtered off and to the 
clear filtrate is again added 10 lbs of concentrated sulphuric acid The solution 
IS then heated m a lead-lined autoclave at 70*^0 for six hours in an atmosphere 
of an mert gas under a pressure of 6 atmospheres.* After cooling, the excess 
of sulphuno acid is neutralised with calcium carbonate, the solution filtered 
and the filtrate evaporated till it registers a temperature of lOT^’C At this 
stage, all the iron and most of the calcium sulphate precipitate out The 
filtered solution is re-evaporated to 115^0 , when, on ooohng, urea, pure enough 
for most purposes, separates out The mother hquor on reooncentration to 
116”C deposits a second crop of crystals The syrupy mother liquor left 
over can be used for makmg shellac moulding powder m place of urea 


Coat aheei 

Oaloium cyanamide 100 lbs, @ Re 0 8-0 per owt 
Sulphuric acid cone 40 Iba , @ 1 anna per lb 
Calcium carbonate 12 Iba., @ 1 anna per lb 
Cost of labour, auperviaion, depreoiaUon, etc 


Rs A. F 
8 8 0 
2 8 0 
0 12 0 
0 0 0 


Cost of 26 lbs. area , 17 12 0 

or 1 lb. of urea will cost approximately 11 0 anm^ . 


* The hydrolysis may also be oarried out at the ordinary pressure under the 
oonditions of temperature and time* The yield of urea in this cose is of the order of 
20-20 lbs from 100 lbs of oalohim cyanamide oe against 25-20 lbs when the hydrolysis 
is earned out under pressure as described above 
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IfebmtneyV^ calcium cyanamude 


Dioyandiamide 

Caloium oyananude (10 lbs) ia stirred well with water (5 gallons) at 
45-^^ for half an hour It is then filtered and the residue washed with a 
further 1 gallon of water The total volume of the filtrate is noted Sulphuric 
acid (sp gr 1 7) is prepared by mixing concentrated acid (sp gr 1 84) and 
water in the ratio of 8 1 The total volume of this acid required to neutralise 
the whole of the filtrate was determined by titrating a known volume of the 
latter against a suitably diluted portion of the former (40 to 1,000 c o ) The 
filtrate is then treated with exactly half this volume of acid and the tempera¬ 
ture then rapidly raised to 80^ At this stage the rest of the acid is added 
drop by drop in the course of 1} to 2 hours with constant stirring The calcium 
sulphate precipitated is then filtered off and the solution evaporated to 
crystaUisation The dioyandiamide separates on standmg in the form of 
long needles, M P 210^ The yield is 12 to 13% of the theory The mother 
liquor oontams some more dioyandiamide together with smaller quantities 
of urea, melamme, etc« which may bo recovered 

Dioyandiamide (6(K) gms ) is mixed with 125 o o of ammonia (sp gr 0 90) 
m a tm-kned steel autoclave and the mixture heated under pressure to 140°C 
At this temperature, the highly exothermic reaction begins and the temperature 
rapidly rises to 160T, and the pressure to about 700 lbs per sq mch The 
mass IS mamtained at ISO** to IfiO^'C for about 1} hours After cooling, the 
bomb IS opened and the issuing ammonia recovered 

The sludge in the autoclave is then removed and digested with cold water 
(2,000 c 0 in 3 lots) After filtration, the filtrate which contains guamdme 
carbonate is concentrated till a drop on a glass slide immediately deposits 
crystals After cooling, the crystals are collected on a filter, washed with a 
small quantity of water and dned The yield of guamdme carbonate varies 
from 150 to 180 gms 

The residue is boiled with enough water, filtered off from the insoluble 
matters and the filtrate allowed to stand Beautiful shining plates of melamine 
separate out on standing, M.P 360°C Yield 160-180 gms 


CoatsAeel. 


Osloimn cyaaamida 100 lbs 
Bu^uilo add 82 lbs 

eoft 44 lbs. of oaloium sub^te, @ Bs 8 per owt 


Rs. A. T 

S 8 0 
8 0 0 

10 8^ 
1 8 0 


Cost of 184 Ihs. dioyaadlainide 9 5 0 

he. the cost per lb. is about 12 annas v , i ■■ 
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As A P 


Dicyatidiomide 10 Iba » @ As 12 7 8 0 

Ammonia 12 lbs, @ As 5 . S 12 0 

11 4 0 

L&S 0 cost of 3 lbs guanidine obtained as by product 3 0 0 

8 4 0 

Process ohat^es 1 ^ 0 

Cost of 3 lbs tnelamino 0 12 0 

or Rs 3 4-0 per lb - 


By tioating the dicyandiamido in dry alcohol with gaMKiim ammonia 
under 3 atmosphoroB proBBure and heating ob deHcnbod above the yield of 
molomme has been raised to 450 to 480 gmn roHultmg in a very much lower 
cost of production. 

Omnyl urea avlphate 

Dioyandiamide is dissolved in a slight excess of 2N sulphuric acid by 
heating to about 80^C when the exothermic reaction begins and the temperature 
rises rapidly to 100*^0 It is then maintained at this temperature for 1 hour 
and then filtered and the filtrate allowed to stand overmght The guonyl urea 
sulphate separates out in the form of tiny crystals The yield is practically 
quantitative and the mother liquor from one charge may be used for the 
next one 


Dioyandiamide 10 lbs , @ 12 annas per lb 7 8 0 

Sulphurio aoid (1 80) 6 25 lbs , @ 1 anna per lb. 0 0 3 

Processing charges . 1 12 0 

Total cost of 15 lbs. of guanyl urea sulphate 0 10 3 

Cost per lb As 10 25 



SOME ASPECTS OF THE HEAVY CHEMICAL INDUSTRY IN INDIA 


By S G Sastby, Mysore 
(Read ai Sympoaium^ Apr%l 19 1 19il ) 

Chemical induHtnoti arc gonorally grouped under two mam headuigB — 

(а) Hmvy chemioal induHtricB 

(б) Fme chotnica] induBtncs 

'Heavy chomicaln’ ih a term tliat aj>p1um to Buch products uh the (oinmon 
acids, soda ash, caustic soda and those salts and other chemicals that are 
produced in largo quantities and at ndativoly little cost The manufactim^s of 
sulphuno acid, synthetic ammonia, ammonium sulphate, caustic soda, soda 
ash, etc, may be citod as typical heavy chemical industries Besides, 
there are a number of products which, though produced by definite' chemical 
reactions m largo quantities and at low cost, are by c'onvention not grouped 
under the term ‘heavy chemical industrios* One such group, for example, 
the manufacture of coke, gas, tar and tar prodiu'ls, is generally classified under 
metallurgical mdustries 

‘Fine chemicals* are generally manufactured in relatively Bmallor amounts 
Further, the manufacture requires greater skill and care in each operation 
under scientifically and technically traim'd control Punty of the substance 
IS much more important than the price, which is generally sufficiently great, so 
that it may not be necessary to take special precautions with reference to the 
saving of heat and power in its manufacture Typical examples of ‘fine 
ohemiools’ are some of the photographic chemicals and some highly specialised 
pharmaoeutioal products. India is backward both in the field of ‘heavy 
chemical industries* and ‘fine ohomical mdustries* In the present article 
we are oonoemed with heavy chomioals only It should, however, be stated 
that the development of the heavy chemical mdustry is a pre-requisite for the 
development of fine chemical industry 

About 12 or 13 years ago, when the Indian Tariff Board examined the 
position of the heavy chemical industry m India, we were produomg, throughout 
India, the following (diown overleaf) estimated amounts of oertam heavy 
chemicals. Authoritative statistics are not available about the present 
production and demand It may safely be put down at twice these figures. 

Coumdering the above figures it is evident how hopelessly backward the 
position of India is in the field of manufacture of heavy ohemioab Takmg 
the ease of only one heavy chemical, namely, sulphuno acid, countries like 
n.S.A , Exk^and, Germany, France and Belgium,—every one of these countries 


VOL. UC—No I 


[PubUshed ISth May. 1948 



86 8, a 8ASTBT: SOXS ASraOTS OV HXAVT OHXBaOAL IKDXrSTBY IK ZKDU. 


Estimated nroduotion 


Xame 


(avereffe of five yean 
1028-1028) 


Bstunated demand 


Sulphuno acid 
B^mroohlono aoid 
Nitno aoid 
Phosphoric aoid 

Zmo ohloride 
Epsom salt 
Alum of potash 
Copperas 
Oc^i>er sulphate 
Qlauber's mt 
Soda sulphide 

Alumina femo 
Bone superphosphate 
Bone meed 
Mixed fertilisers 


20,000-22,000 tons 
600- 600 „ 

600- 600 „ 

13 6 tons average production per 
year Nobo^ else makes it 
Our production 6 6 tons average 
2,500-8,000 tons 
800-1,000 „ 

800-1.000 
100 tons 
1,000 „ 

Not definitely known We made 
12 tons per year average 
1,000 tons 
300 „ 

100,000 „ 

3,000 „ 


28,000 tons 
600 „ 
600 

800 „ 

1.200 „ 
6,000 „ 
4,000 
1,500 „ 
700 „ 
8,000 „ 
1,500 „ 


Pure products 

Alumina sulphate 
Chemical fertilisers 


Not definitely known 35,000 lbs 
IS our annual average 


4,000 „ 

80,000 tons De* 
mandis increasing 


every year. 


va, preparing sulphuno acid over a million tons p«r year It has often been 
stated that foremost of the many indioations that pomt to the mdustnal 
prospenty or otherwise of a country is the quantity of sulphuric acid 
produced From this pomt, India perhaps occupies the bottom-moet position 
in the world Apart from the meagre production of the chemicals mentioned 
above, India is importing largo quantities of heavy cbemioalB required by 
textile mills and other mdustiies The above figures bring out anoth» 
important point, namely, that the only heavy ohmucals that were manufiao* 
tured m India belong to the group of snlphnno acid and articles that oonld 
oonvemently be manufactured from sulphuno acid This was due to the 
fact that freight on acids from foreign countries to India was very heavy 
and it paid the manufacturers in India, even with meffloient methods, to 
manufacture sulphuno amd and some other allied industrial ohemioals. The 
absence of manufacture of alkab and alkali prodnota is significant 

Things have changed during the last fifteen years New industeMa have 
come into existence in India and these are making demands for heavy rfmmjca l # 
and their production has increased to an appreciable extent. The flotathm 
of two large companies, one In Northern India and tiie other in Western India, 
for the manufacture of caustic soda, soda ash, bleaohliig powder, ehbwin* and 
some other diemioalB, fills a veiy big gap in the of heavy elxttnieal 

industiies m India. The alkali industry will be oom|dementaty to tiie aoid 
industry and this oonsammation was long in bong realised in India. 
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If India is not self-contained in respect of cheap alkali or alkali products, 
industries like glass manufacture, soap manufacture, aluminium manufacture, 
paper manufacture, cannot hope to thrive and prosper in the ooimtiy. 
The textile mills also will benefit by this development To keep pace with the 
oombmed oul^ut of alkali by these two compames, it will become necessary to 
increase the production of commercial acids throughout India Many of the 
manufacturers of these acids are already making additions to their plants For 
example, if India is to be self*contamed m respect of galvanismg and tm-plate 
industnes, and also in respect of superphosphate, ammonium sulphate, etc , 
greater amounts of acids will have to be manufactured in the country It is 
hardly possible in a short article like this accurately to estimate and desenbe the 
ixmefioial results that accrue to a country by the production of cheap acid and 
alkali in promotmg a ramified and diversified system of chemical mdustnes and 
also industries that require chemicals in their various proeesses Without cheap 
acid and cheap alkali, wo can never hope to start a 'Rayon mdustry* m India 
It may be necessary to start produemg carbon bisulphide—if the viscous process 
IB to be adopted Otherwise, we shall have to produce more acetic acid and 
its denvatives 

India’s prosperity is ultimately bound up with agnculture With the 
population, according to the 1041 census reaching four hundred million 
people, the problems of agriculture has become more and more insistent 
and important Agricultural production m India can increase only to the 
extent we use artificial fertilisers, notably, ammonium sulphate, super¬ 
phosphate and some others The production and use of artificial fertilisers for 
increasmg the agnoultural production m the country are going to be the biggest 
factors m the national programme of reconstruction 

It has been the fashion to make this statement for over half a century, 
but progress achieved is negligible. To attam the desired ideal, we must 
increase the production of ammonium sulphate and superphosphate, which 
entails an enhanced production of ammonia and sulphunc acid India is 
poor BO far as deposits of phosphatic mmerals are concerned, but by carefully 
oanserving the bones available in the country, it is possible to manufacture 
all the superphosphate required by the agnculturists in India Regarding 
ammomum sulphate, the present demand is estimated to be between a hundred- 
thousand and « hundr6d-and-twenty*thousand tons, and it is rapidly going up. 
In the by-products recovery coke-oven plants at the two iron and steel works 
in Ninrthem India and in one gas-making plant at Calcutta, we are producing 
round about twenty thousand tons of ammomum sulphate Recently in 
Mysme, the first sjrnthetlo ammonia plant has been installed with a productive 
capacity of 7,200 tons of ammomum sulphate It is thus evident that even 
under the present conditions we are not producing all the chemical fertilisers 
which our country needs. 

Whether for the manufacture of supeiphoi^hate or ammonium sulphate, 
sulphunc add is necessary, unless the anhydnte process of manufMture is 
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adopted m the case of ammonium sulphate More investigation is necessary 
before we can depend on this process 

The most important thmg to remember in this connection is that India 
should establish a greater number of synthetic ammonia plants, well dis¬ 
tributed all over the country to satisfy the regional demands The importance 
of synthetic ammonia lies m the fart that during peace-time it can give us 
ammonium sulphate, the most important chemical fertiliser, and during war¬ 
time nitnc acid, without which there may be no modern explosive industry 

Therefore, the manufacture of sulphuric acid and synthetic ammonia 
constitutes a key industry, in every sense of the word, to serve the needs of 
a country both in peace and war The modem explosive industry requires 
cellulose (generally m the form of cotton), glycenne, nitric acid and sulphuru/ 
acid in largo quantities Accurate statistics are not available as to the quantity 
of explosives used in India for civil purposes (like dynamite) and also the 
explosives used for military purposes So far as is known, there is only one 
factory in India, under military control, for the manufacture of cordite By 
all accounts, this is a very small factory In the scheme of national defence, 
sooner or later, probably sooner than we think, we shall have to provide for 
the manufacture of explosives both for cml and military purposes The 
manufacture of modern explosives is a typical heavy chemical mdustry, even 
though on account of its immense proportions and mihtary importance it 
classified under its own special name 

The manufaiture of synthetic ammonia requires nitrogen and hydrogen. 
In the cost of production of synthetic ammonia, the cost of production 
of pure hydrogen will bo the single biggest item In the scheme which I had 
submitted to the Government of Mysore and which was subsequently adopted 
by them, I had recommended the xiroduction of hydrogen by the electrolytic 
process, on account of special conditions obtamed in Mysore and also on 
account of the forward policy of the Qovommont of Mysore in promising this 
concern cloctnc power at a remarkably cheap rate unheard of m India till 
now, 1 e. 0 125 of an anna per umt The present concession given by the 
Government of Mysore is tantamount to a perpetual subsidy of three to three 
and a half lakhs of rupees to the Mysore Chemicals and Fertilisers, Ltd 
But for this generous help of the Government of Mysore, this first synthetic 
ammonia plant in India would not have come into existence three years 
ago. 

Generally, m Western countries, hydrogen is obtained by water gas 
process in all large plants and by other gas recovery processes in smaller 
plants It IS stated on good authority that nearly 76 to 80% of the synthetic 
ammonia plants m the world obtain their hydrogen by the water gas prooess* 
Along with any expansion of the Mysore Plant will also have to Ito seriously 
considered this source of hydrogen, since on the expansion of the present plant, 
it may be cheaper to obtain hydrogen by the water gas process. The new 
sjmthetio ammonia plants that wUl come mto existence m India will, therefore, 
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have seriously to consider the possibility of getting their hydrogen by the water 
gas process Suitable sites should be available m Bihar near the coalfields, 
where production of hydrogen by water gas process may be exceptionally cheap 
A further inducement for the establishment of the next synthetic ammonia 
plant in Bihar will be the ready market for the ammonium sulphate in the 
extensive sugarcane fields of the Province It is a matter for some satisfaction 
that the first synthetic ammonia plant and the second contact sulphuric acid 
plant in India, which I erected and started working, are gomg on smoothly 
under the management of technical staff consisting only of Indians The 
success achieved in this plant at Mysore should hearten and stimulate other 
similar enterprises in other parts of India 

With ammonia obtained at a reasonable cost, nitric acid can be produced 
by the ammoma oxidation process easily Sulphuric acid of the requisite 
strength and purity can be manufactured by contact process Cotton of 
requisite quality is available in India The only gap in this region is lack 
of adequate supplies of glycerine and toluene During the last quarter of a 
century, India had witnessed a remarkable development m the soap industry 
But with the exception of two factoiies, all the others are medium sized 
factories which do not recover the by-product glycerine (By way of passing, 
it may be remarked that pure glycerine is required in fairly largo quantities 
by the rapidly growing phannaceutu^al industry in India ) So far as is known, 
Messrs Tata Oil Company, Bombay and Ernakulam, and Messrs Lever Bros , 
Ltd, Bombay, aie the only two (oncerns that are producing glycerine, since 
their scale of oiierations in the field ot soap-making permits them an economical 
recovoiy of glycerine If w<^ should start the manufacture of explosives in 
India, as wi^ have to do in the near future, the manufacture of larger quantities 
of glycerine will liave to be tacklini without delay It is for chemical engineer 
to find out if at all it is possible to devise some method of glyconne recovery 
even in medium sized factories It will not be an exaggeration to say that the 
amount of glycnirine that is now wasted in Indian soap factones is more 
than the demand for glycerine to satisfy the needs of India for explosives for 
the next 10 to 20 years If on account of the special industrial conditions 
obtaining in India it is not possible to recover glycerine Irom the small and 
medium sized soap factories, we shall have to obtam the product by the 
fermentation process The sooner the bio-chomist in India tackles this 
problem, the better and safer it will be from the national point of view We 
shall have to import toluene from abroad (Borneo petroleum may be one of 
the sources) or we should develop the coal tar distillation industry m India. 
It has been stated that production of toluene will commence in Northern 
India very shortly 

There are a number of imported chemicals which can be manufemtured in 
India, but the pre-requisite is the existence of a healthy and vigorous heavy 
cbemioal industry For example, the improvement of leather tanning and 
manufacture depends on the use of chemicals It is only recently that the 
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Ooremment of Mysore pioneered the biohromete factory with a amall output 
sufficient to cater to the demands of South India. Apart from the synthetic 
dyes, textile mills require a variety of chemicals and these m turn depend on 
cheap acid and cheap alkah 

It has not been possible m an article like this to do more than give a bird's* 
eye view of some of the aspects of heavy chemical mdustry m India I am 
quite sure that other contributors to the symposium will have done justice to 
the subject from other points of view 



MANUFACTURE OF GLYCERINE IN INDIA 


P A Narielwala, K P Ratt and M P Madhavak, The Tata Oil 
Mills Co , Ltd , Bombay 

(Read at Symposinmy Aprtl 19, 1941 ) 

1 What ta glycerine 

Glyc?erino or glycerol, to Hjieak in terms of t hemic al phraseoiogv, ih a 
tnhydric alcohol It lu usually found in i ombination with iatty acids in natural 
fats and oils It has been the teudeniv to dt^signaU the name glycerine to 
the technically prepared pure substance which is the nearest approach to 
glycerol, represented by the formula, OH CH 2 CH OH CH 2 OH 

2* Sources of glycerine 

Glycerine is a basic constituent of oils and fats, of which a laige variet}' 
18 available abundantly m this country The appioximate percentages of 
available glycerine in some of the imjiortant Indian oils and fats are given 
below — 


Coooanut Oil 

13 6% 

Mhowa Oil 

»0% 

Groundnut Oil 

9 3% 

Tallow 

9 6% 

Cottonseed Oil 

9 8% 


3 Characteristics of glycerine 

The British Pharmacopoeia describes glycerine (glyceiimim) as a clear, 
colourless, odourless, syrupy liquid, having a swe^t taHtc% which is followed 
by a sensation of warmth It is hygroscopic and is optically inaci/ivc and 
neutral to indicators Its molecular weight ih 92 00 and Mpecific gravity 
(16 6®C/16 6T), L260-1 265 

4 Manufacture of glycerine in India 

The manufacture of glycerine m India is of recent origin, and ih earned 
out at preaent only by two concerns, namely, the soap factories of Lover 
Bros (India), Ltd and the Tata Oil Mills Co , Ltd • Until 1034. the glycerine 
consumed m India was entirely imported, and it was only in the end of 1935, 
when Lever Bros, started to manufacture soap on a large scale in Bombay that 
glycerine began to be produced in India The Tata Oil Mills also put up about 

* ainoe tins article was contributed, two other plants have been set up m Bombay 
for the mennfaoture of ^ycerine 
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the 6amo time a Glyuirino Bocovery Plant at their Cochin factory for the 
manufacture of crude glycerme, which they oxport.ed to European markets 
BUOcesHfully until 1939, when they elected a new and up-to-date Boap Plant 
in Bombay, where they laid down a Glvcei me DintiUation Plant for the manufac¬ 
ture of Pharmaceutical, Commercial and Dynamite glyoerme 

5 Impart of glycerine into India 

The imports of glvcenne into India diumg 1931-36, le 5 yeais prior to 
the starting of glyccrmi production in India, and from 1936 onwards, ie 
after Lever Bros and Tata Oil Mills started manufacturing, arc revealing 


IfnporiB of Qlycerxno %nto Indta 


Year 

OwtB 

Value 




Rs 

1031-32 


7,687 

2,65,070 

1932 33 


9,900 

3,13,006 

1033 34 


11,855 

3.76,743 

1034 35 


10,088 

3,80,800 

1035 30 


0,838 

4,27,746 

'rOTAL 

50,358 

17,72,455 

Average per your 
Avnrugo rate por rwfc 

Hm 53 30 

10.071 

3,54,401 




Hs 

1936-37 


1,986 

70,876 

1037 38 


1,628 

1,07,016 

1038 30 


4,189 

1,97,620 

1030 40 (for 0 mtmths only) 


781 

36,206 

Total 

8,554 

4,11,117 

Vvf»rage per eat 
Average rote poi c \vt 

Km 48 

2,203 

1,06,706 


(N B —The above priooB aro < ] f Indian Porte, and to thorn will have to be added Import 
Duty at tho rate of 25% ad valorem to arrive at the market pnoeH ) 


From the abov<^ figures it would apfiear that when Lever Bros (India), 
Ltd started making glycerine, they managed to reduce the imports substw- 
tially, and with the coming on the Indian market of Tatars glyoenne m 1939^ 
the imports had virtually ceased This is a gratifying feature, as it has provided 

the country with a valuable commodity, the importance of which in wartime 
cannot be undereBtiinat>ed India would have been m an unenviable position 
during the present time, when Europi is engaged m a ruthless war, if glycerine 
were not manufactured in the country During the last World War, when 
India’s requirements of glycerine were met from abroad, it is reported that the 
price of glycenno had gone up to as much as Bs 150 per cwt. Today, in spite 
7B 
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of the war, the price of glycerine m India is about Rs 62 pei cwt, an moroase 
of about 16% over the pre-war price This increase was necessitatc'd to cover 
the higher cost of chemicals, packing materials and labour which the war has 
brought about 

6. The meihod of recovery of glycerine 

The liberation of glycerine from oils and fats (»un he* efftettd by several 
processes The method adopted in India so far is to lecovor it from the 
spent lyes which are produced in tho course* of soap manufacture, by what le 
known as the ‘Settled Process* When oils aie saponified with caustic soda 
by steam, the fatty acids present m the oil combine with tJie caustic to form 
soap The soap is thereafter washed by a salt solution to free it from glycerine 
and other organic and inorganic impunties that arc prc*seut in tlu oils saponified 
On settling the mass, tho soap floats, whilst the spent lye (ontaming giveerme, 
salt and impurities is lun down from the bottom ol tho soa}» pans to the 
glycerme recovery plant for purification and (‘oncentrAtion The glycerine 
content in the spent lye varies from as lou as 4% to «h high as 11%, dc'pending 
upon the glycerine content of tho raw inatenals c*mployed in tho manufacture 
of soap and tho care and skill bestowed in tht mamifai tuic of soi'ip and in tho 
jiroductjon of lyt in relation to the weight ot oils taken for saponification 
Since glycerine is a by-product of the soap industry, tlu ri^quiicmu^nts of the 
soap boiler usually determine the choice of the oils and fats, and this m turn 
js conditioned by the cost and the soap-makmg qualities of tho oils and fats 
used The efiiciency of glycerme recovery, tlioicfoie, depends to a large 
extent upon tho thoroughness with which tho washing of soap is carried out 
m the pan, as also upon tho punty of the raw materials used, since* the impurities 
present in tho raw materials will nwessarily find their way into tho spent lyes 

7 Avail(Axl%iy of glycerine in India 

The production of soap in India is cstunatod at about 90,000 ions per 
annum. Assuming that the major portion is made by (old and scmi-boiled 
processes, the glyoenne that ought to be available for recovery from the 
Settled Process of manufacture should work out to at least 2,600 tons per 
annum, but even tins quantity is not produced, and the present production of 
glycerine in India is estimated at about 1,000 tons per annum Unfortunately, 
in India the manufacture of soap by the Settled Process has not advanced 
rapidly enough due to the facility with which soap con be made by cold and 
semi<*boiled processes which need little or no equipment, and which can, there- 
fore^ be made on cottage industry scale With the recent attempts to revive 
village and cottage industries in India, the manufacture of soap on cottage 
basis is likely to get an impetus to the detriment of a valuable by-product 
like glyonrine. Thus a good portion of the recoverable glycerme that is already 
numlng to waste will continue to run to waste on a still larger scale. 
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The cottage factories have neither facihties nor technical skill to make 
soap by the Settled Process or to evaporate the spent lyes Even m small 
factories whoro soap is made by the Settled Process, the installation of glycerme 
recovery and distillation plant is not an econoraic proposition, and unless 
the soap industry m India is organised on a bettor basis (particularly if the 
small sized plants are made to realise the importance of workmg together) 
the recovery of glycerine by small factories will not be worth their while 
As the demand for glyoeiiuo in India is likely to iii(*rease with the development 
of new industries, a larg<»r production of glycerine can only be had either by 
the establishment in different parts of India of Iturge size soap factoni^s, 
capable of manufacturing soap by the Settled Process, or by getting the smaller 
soap factories to agree to send their soap lyes to large central glycerine recovery 
plants, or by the development of a new industry m India, viz the manufacture 
of fatty acid by the splitting of oils It may not be out of place to mention 
that on the one hand we are running to waste soap lyes which are iioh in 
glycerme and on the other we are importing lakhs of rupees worth of phar- 
maooutical and toilet preparations in which glycerine is an ingredient in one 
form or another The sales of imported pharmaceutical preparations m India 
are on the increase, whilst toilet pieparations which are meant to enhance 
‘my Lady’s’ charm and complexion seem to be giowing m popularity with the 
women of the country 

8 Othar itmthods of recovery 

Before detailmg the method of treatment and evaporation of the spent 
lyes for the manufacture of glycerine, it might be advisable to consider the 
three other methods which find favour for the recovery of glycerine These 
methods are — 

(1) the Autoclave method, 

(2) the Twitchell process, and 

(tJ) the Fermentation method 

In the Autocliwc process, the oils and fats are boiled with steam under 
pnwsures of 6 to 10 atmospheres, with lime, magnesia, zmo oxide or zmo dust, 
whilst in the Twitchell process, the hydrolysing agent is a special reagent 
named after its inventor Twitchell and the operation is conducted at atmos¬ 
pheric pressure. By these processes, a higher recovery of glycerine than 
from soap lyes is feasible, smoe m the manufacture of soap a certain amount of 
glycerme is always left over in the soap m spite of all the care and technical 
efficiency that can be brought to bear m its manufacture But these two 
processes, however, have a serious disadvantage m that, during the process of 
sphttmg the oils, the resultant fatty acids are of a dark colour and cannot be 
used directly either m the soap or any other industry, unless distilled under 
a high vacuum The third or the Fermentation method needs iqpeoiai con¬ 
sideration m India, as an «izyme isolated from castor seeds which are aviulable 
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in plenty in India forniB the hydrolyBing agent m thm process This method 
has also a greater advantage over tho other two processes, duo to the fact 
that the capital outlay is comparatively small and the resultant fatty acids 
are sufficiently light coloured for direct use in the manufacture of soap The 
only disadvantage with this process is tho purification of‘Sweet Waters’ which 
requires a little extra care and skill With the mdustnaliHation of India, and 
particularly with the growth of the cosmetic industry, the demand for a high 
quality stoarine—a commeiciul mixture* of stearic and palmitic acid, with 
a small proportion of oleic acid—^is likely to steadily increase, and one or 
the other of these procc'Hst'S is therefore likely to be developed for the 
manufacture of stt'anm^ in India within the next ft‘w years Mhowa and 
cottonseed oil, amongst othoi Indian vegetable oils, appear to be suitable 
raw materials for the manufacture of steanne*, a** they aie rich m palmitic and 
stearic acids 

0 Quahiy of upmt lyes 

It would bo obvious that, if the evaporation costs are to bo kept low, 
(considerable attention must be paid to see that the spent lyes are rich 
in glycerine Also, to keep tho treatment cost within roadonable limits, the 
spent lyes should b(^ free or very nearly free from caustic alkali, organic 
impurities, carbonates, etc As stated t»arher, a certain amount of impurities 
are inevitable in the lyes, as they are tho impurities which are present m the 
oils and fats and which must ncHossanly find way into the lyes when soap is 
being washed with tho salt solution Again rosin (which forms on important 
ingredient in tho composition of many grades of soap) with its impurities gets 
mto the glycerine plant in spite of all core Thus, when tho spent lyes are 
transferred to tho glyoenno plant from the pan room, they contain, m addition 
to salt and glycerine, a small percentage of dissolved soap, other organic 
impurities, carbonates, etc Tho efficient working condition m a pan room, 
however, will yield spent lyes with a high percentage of glycerine and free from, 
or oontaming as little as possible of, alkalis, carbonates, organic matter, etc 

10 The treaimeni and evaporation of lyes 

The treatment of lyes consists in removing tho vanous impurities like 
carbonates, etc from them The treatment and evaporation of lyes are earned 
out under three distmct operations In the first operation, the alkalis and 
most of tho Qigamc impurities are pn^cipitated with the help of chemical 
reagents like aluminium sulphate or feme chloride with hydroohlonc acid 
After treatment with three reagents, tho lye is filtered and treated with 
caustic soda to remove tho excess of aluminium or iron present This is the 
second operation. It may be stated here that the comparatively high cost of 
hydroohlonc acid, and therefore of feme chlonde also m India, acts as a 
great handicap in the ireatment of lyes, and if they were available at a cheaper 
price, the use of alummium sulphate could be completely dispensed with. 



P A TSABXmJWAVki K P BATT & H P UADBATAK 


Since tlu8 reagent ultimately i educes the purity of the salt recovered and 
thereby affects the efficiency of graining of soap It should also be borne in 
mind that the chemicals used, particularly the acids, should be absolutely &ee 
from arsenic and load, as once the impunties are introduced m the system, 
it IB difficult to get nd of them during any subBoquent Htages The Btnngenoy 
of the B P speoifioation for chemically pure glycerine regarding arsenic and 
lead can bo judged from the following stipulations laid down — 

Limit for arsenic 4 parts per million 
„ „ lead 1 part per million 

The treated and punfied lyes are now ready to be taken into the evapora¬ 
tors for the third and final operation In the earher days, it was the practice 
to evaporate the lyes on open hearths and to concentrate them up to about 
80% glycorino cjontont With the introduction of viiouum evaporators, 
great economy in recovery as well as fuel consumption lias been ofiected in 
the concentration of lyes, and today evaporators ranging from single, double 
and multiple effect are in use for the concentration and evajioration of lyes 
The popular type is the double effect evapi^ator, in which steppmg up the 
vacuum in one of the vessels enables the vapours from the other to hvf econo¬ 
mically used for purpose of evaporation An the major part of the water present 
m the lyes evaporates, the salt from the lyes settles out and is collected in 
special salting-out boxes fixed to the bottom of the vessels The evaporation 
IS continued till the glycenne content in the lye reaches about 80%, and this 
product constitutes the ‘crude’ glyoerme of commerce This crude glycenne 
contains 80% glycerol, 8-10% salt and 1-3% organic impurities with a little 
water 

] 1 DisiilltUton of crude glycenne 

The crude glycerine is distilled in a separate distilling unit for the pro¬ 
duction of mdustrial pale straw, dynamite, C,F and other qualities of 
glycerine Pure glycerol boils under atmospheric pressure at about 290®C, 
whereas at lower pressures it distils at lower temperatures A higher vacuum, 
however, gives an improved product and this point has reoeiv<»d merited atten¬ 
tion m the defsign of modem plants The modem tendency is to distil with the 
aid of superheated steam under a very high vacuum of 6 to 9 mm , which would 
permit a£ distillation below 200^0 By suitably adjusting the temperature of 
the condensing vessels, pure glycerine is condensed and recovered On dis¬ 
tilling the 80% crude, a product of a pale yellow colour is obtamed as the 
first distillate This product contains 99 to 100% glycerol and has a sp gr 
of 1*262 to 1*265 This constitutes the dynamite or the industrial pale straw 
glycerine of commerce By further distillation and purification (by means 
of bleaching carbon), chemically pure glyoerme satisfying the ngid sponifioa- ‘ 
tions laid down in the Bntish Pharmaooposla is obtained The final glycerine 
as it comes ont from the distillation plant w then packed in tins or gidvanised 
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drnmB and ib ready to go out to the market A large amount of care is 
necessary in the process of distillation, particularly with regard to the removal 
of free fatty acids Although the British Pharmacopoeia has not laid down 
any Ixmits with regard to the presence of free fatty acids, it has been found 
m practice that to produce an odourless glvcenno, the limit of free fatty acids 
should not bo above 0 01%, as otherwise tht^y give a smell to the glycerine 
which is considered objectionable With judicious care in the treatment of 
crude glycerine, as also in the process of distillation, the trouble regarding the 
presence of free fatty acids c'an, liowevei, bo easily overt ome 

12 Foots 

In the process of distillation a certain tough plastic substance is left m 
the still 08 a residue, which is known as ‘ foots ^ The dry foots on analysis 
are found to contain about 00% of ashes momlv com posted of sodium chloride 
and sodium sulphates The balonct' of 40% consists of a mixture of glycerol 
and condensation products of glycerine, siuh as poly-glycerols The use to 
which the foots can bo jmt has remained a tough problem and awaits a solution 
by research chemists 

13 Uses of glycenne 

The following properties of glycerine will give an insight as to its possible 
use in the various industries — 

(а) It has a sweet taste 

(б) It IS highly hvgrosoopio and on exposure to the atmosphere, takes 

up OB much as 60% of its weight of water 

(c) It has powerful solvent properties, and when mixed with water, 

improves the solvont property of the latter 

(d) It acta as an antiseptic even m dilutions up to about 12% 

The largest use of glycenne ordmanly in India is in the pharmaceutical 
mdustry and medical stores, and to some extemt in the manufacture of toilet 
preparations, but since the beginning of the war, it finds a ready and larger 
apphoation in the production of d 3 mamite and otlier explosives for defence 
purposes Today perhaps its important consumer is the explosive industry, 
next to which comes its use in the pharmaceutical mdustry Many tomes, 
wmes, hquors, contain glycenne because of its smoothemng, sweetening and 
preservative propeftties In the tobacco industry, it is used to keep the tobacco 
moist, i^weet and also to act as a partial antiseptic In toilet preparations and 
oosikietios, it finds extensive use, as it imparts to the skin 'bnlliance, softness 
and delicate colour' Its hygroscopic nature is taken advantage of for keepmg 
articles soft and pliable and also to prevent their drying up It is used for 
keeping wood, leather, paper, etc soft and pliable and also for keeping mdst, 
copying and printing inks, blacking, etc Due to its high solvent action, it 
is used as a solvent in extracting perfumes and alkaloids 
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14 Other posaibie uaea 

There are one or two directiona in which the use of glycerine can be extended 
in the Indian market In the textile industry, large quantities of ‘wetting’ 
agents are in use for keeping the fabnes of cotton threads in the moist condition 
Judicious use of glycerine in such preparations should find increasing favoui 
with mill technicians In tobacco cunng, jaggeiy water seems to be m use for 
preservmg the moisture in the leaf Here also glyct^rine can very 
advantageously bo used In these instances, a proper guidance in the use of 
the right article for the right purpose is all that is needed 

15 Post-imr problem 

When the present World War II ends, the problem of finding new uses for 
glycerme will be of increasing importance, and an opportunity presents itself 
to research chemists to work from now onwards m finding ways and means for 
using glycenne in different industries for different purposes The existing 
limitation of demand will soon serve as a check on a larger production of 
glycerme It is in the interest of the Indian mdustries in general and the 
glycenne industry m particular that steps should be taken to tackle these 
various problems Recent patent records and industrial magazines refer to 
vanouB uses of glycerine This information should be made* the basis for 
conducting further investigations for evolving new uses for glycerine to suit 
Indian manufacturing conditions 



PaSSrBILITTES OF HEAVY CHEMICAL INDUSTRIES 
IN THE PUNJAB 

By 3 L Sabin 

{Read at Symponvm, April 79, 79^7 ) 


Tho of houvy to tbo variouN indiistnos i of th<* 

country w illuHtrated graphicttlh in 1 This also showw the 



FfC i iNTiPfNDUSTRY MOVEMINT OF PiftNCtPAL PAW MATEWfALS 

OF Chemical Enginelrino inoostry 


mter-industry movement of principal raw material« ot the chemical onfrmcci inp 
induatneg It will be seen that the most important raw matenals for heavy 
chemical industries are (1) Salt, (2) Limestone, (3) Sulphur, (4) Coal, and 
(6) Ammonia All of them an^ found in the Punjab and can bo used for th*‘ 
development of heavy chemical industries as would be w^en from what follows 
immediately below — 

1 —Common salt is the startmg point for alkali industry The 

relationship of alkali industry to modern industnes ^ is illustrated in fig 2 
The Punjab salt mines, situated in the Salt Range, produce about 150,000 tons 
of salt per year Of them the principal is the Mayo Salt Mines at Khewrii in 
which there lies a purely crystalline salt of light pmk colour mterlK^ded witl) 
some seams of impure red earthy soil (kalar) of the total thickness of 300 feet 
Above this there is another bed of the tlucknt'ss of about 250 foot The upper 
deposit is not so pure as the lower, for it contams more intercalation of kalar 
and IB associated with other salts, c g calcium sulphate, magnesium, potassium 
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and calcium chloride m great proportion The lateral extenaion of the aalt 
beds appear to be very great extending to several square miles in area There 
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FIG 2 /fCLAnoN OF ALKALI TO MODCKN INDUSTRY 
18 thus a very large supply of salt from the Khewra doposite Until recently 
the entire salt was distributed all over Northern India for edible purposes 
Now a large factory is being erected by the Impmal Chemical Industries for 
the manufacture of soda ash from this salt at Khewra When this factory 
starts producing soda ash, a number d* mdustnes which consume soda ash 
would grow and the existing ones would extend, rosultmg m the subsequent 
development of the alkali industry itsolf Of these industries, the glass uid 
soap industries are the moat important There were numbers of glass factories 
working in the Punjab, but on account of difficulties in securing supplies of 
soda ash most of them have closed down 

The Imperial Chemical Industries do not propose to produce any caustic 
soda in the Punjab If my information is correct, I understand they are 
putting up a caustic soda plant at Calcutta Those who have seen tiie ftaH - 
Range might have noticed that a very oonmmtrated bnne is pumped out ruinhig 
the agricultural fields round about the mmes It is not known whether the 
Imperial Cliemical Industries propose to use the waste bnne, in " we it is found 
suitable for the electrolytic decomposition 

2 £me —Lime is a primary material great importance m wtia mpu d 
mdustnes Its utility lies m the fact that being the cheapest fom of 
it has extensive apphcation, as m oonvetrimi of sodium oaibooate to cfww ti n 
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soda, in the liberation of ammonia from ammonia saLls, \n the purification of 
sugar axKl in the manufacture of dyen intermediate 

Lunestone of great purity ih found abundantly in the> Salt Range At 
present it is mostly used for the production of quick lime for building trade 
Some whiting is also prepared from it 

Lime IS also used m the manufactni c of Poi thind < omen t One ftw tory has 
already been working forthoTnaiiufactuif of thin article foi nomo time past and 
another factory has rncwmtly bwn startwl Theic^ are, however, still greatci 
possibilities for the utilisation of this raw mat-enal in the maunfactur* of 
cement of various other kinds 

3 Coal —Coal is a raw material on whit ii the industnal supremaev of a 
number of countries, iiaitKulaih Great Bntain and Geimanv, lias betm 
established India is also a large juoducer of toal, but we havt not (exploited 
it for the industrial growUi of oui rouuti\ to tht same txtent to which othei 
countries have done As a fuel it isroquufd dutith oi mdirc(tl\ b\ alinosi 
all industrum In the Punjab tho toal deposits art^ not \CT^ extensive, the 
annual production is only a few thousand tons All the coal produced is at 
present used in firing brick kilns, t ti Sam pit* of this i tKil was st nt to England 
and the analytical examination sliowed that this coal wrts v(*r\ suitablt* foi 
low temperature carhoiUHation Within tin last forty yoaTs, spc'cially snitt* 
the last war, mcrt»abing attention has btsm givcm to methods wht‘reb^ coal tan 
be converted into sinokele^ss fuel and also ina\ Meld valiial)l< b\-piodiKls, 
particularly oil It appears that tlu pOHsibilitics of starting low temj)* latuie 
carbonisation for pioduetion of enidc coal tai, sinokelr^ss fiitl trudi' pc^trol 
and other protluots are bright m the Punjab l’h<^ l^iinjab foal is know^i 
to possess high percentage of hulphui ® and (h< iecoA(^i> of tlus mati^rial, 
if ascertained to be a possibilitv, mav form » houhi of this impoi-tant 



— ORtTDE 

MOTOR 

SPIRIT 


—Ll^ht 

—Sohent 
Naphtha 


—AqueouB 

Liquor 

—DiMtiila* 
tlon— 

1 

—Middle 
Oil - 

—Motor 

Spirit 

COAIi- 

—Sulphate of 
Ammonia 

GOAL OIL - 

—Heavy 

on- 

—U reatuiout 
of Hoad h 


1 

—Pitch- 




-t*AS 


—Motoi 
Spirit 

— nieeol 
Oil 

—Manufacture 
of UrlQucttCH 


-SK^ELESS 

SamUCohe 

—Hydro¬ 

genation-*- 



I—Tnduntriftl 
ihfiinfectante 


I—Tar Aonl»— 


—Sjiithfttic 

' lUblTl 


|—Diostfl Oil 
■1 ucl Oil 

i—Creortott 


|-->U»riuioitlal 

Crodnetti 


U-lutjQCticidaf« 
for Cattle 


l^InRiOtloideH 
for Horti- 
(iiUura 


I—Textile 

Weitins 

Acentn 


Fiq. S. Low Tompemturs Oarbozuaation of Coal. 



102 


J L SARm POBSlBlLlTnES OF HXATY OHEMIOAT. 


raw material The different products that can be obtained from low tempera¬ 
ture distillation* are illustrated in fig 3 The Punjab Qovemment has 
recently sanctioned a sum of Rb 10,000 for carrying out research in this direction, 
and it is hoped that as a result of this work, coal distillation would be started 
in the Punjab in the near future 

4 Svlphur —Sulphur m its natural form is not found in thi' Punjab As 
m the case of other provinces of the country, the natural consequence is that 
sulphunc acid cannot cheaply be manufactured in the Punjab There is, 
however, one redeeming feature, that is, in the Punjab gypsum and pyrites 
are known to be found in abundance Gypsum is found in the Salt Range 
and jiyntos deposits are found in the Simla hills, and in the form of pyritous 
shale at Kalabag and Dandot collienes in the Salt Rangi^ Some deposits of 
pyrites have also been located m the Kangra valley and a rc'presentative sample 
collected by a member of the staff of the Industrial Research Laboratory is 
under examination Neither has any attempt been made so far nor an> 
investigation undertaken to study the economic production of sulphuric acid 
from gypsum Pyntos found m the Simla hills are now used successfulh m 
the manufacture of sulphuric acid in the adjoining province of the U P at Agra 
The presence of sulphur has recently been located in Baluchistan by the 
Geological Survey of India Wodia, m his book on ‘Geology of India’, 
mentions the occurrence of sulphur in Baluchistan ^ and Cummmg in his 
monograph on‘Suggestions for the Industrial Development of Baluchistan’ 
has desenbed the occurrence of sulphur in workable quantities at Siln and a 
number of other places 

It appears that m the Punjab hills, particularly Himalayas, extensive 
amount of pyrites exist, and if they are properly exploited, the absence of 
sulphur as the primary raw material for the production of sulphuric acid would 
not be felt, and the Punjab would be able to produce sulphuric acid cheaply 

In the foregoing I have dealt with two principal sections of the heavy 
chemical mdustnes, namely, alkali and acid industries Besides these, there are 
a few other raw matenals which can be used for the development of some 
other important sections of heavy chemical industries Of them the most 
important are salts of potassium, borax, ammonium and magnesium 

PotmH%nm SaUs —^Aftei Bihar, the Punjab is the most important province 
in which saltpetre or potassium nitrate is collected Saltpetre is the natural 
product formed in the soil of alluvial districts by natural process under 
peculiar conditions of climate prevailing in these districts Exact figures of 
production of this important salt are not available, but thiTO is a belt which 
runs across in the centre of the province starting from the Salt Range in the 
Kalabag district to Delhi in the south In this area there are about 10 to 12 
factories which work to produce saltpetre of sufficient purity Besides this 
fioiirce of potassium salt, there are found in the Salt Range some other salts of 
potassium of which the most important are kaimte, blodite, etc None of these 
salts are at present put to any economic or industrial use and the possibilities 
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of starting the industry of potassium salts for use as fertilisers and manufacture 
of explosives i^utre consideration It appears that caustic potash and 
potassium ohlonde could be produced from these sources 

The possibihties of manufacturing pearl ash irom oigauic souroos, eg 
the forest undergrowth and waste, have been investigated and it has beim 
found that in some of the districts oi tho Punjab, particularly Simla and Kangra, 
its production can be orgamsod ou commercial scale during the present days of 
war Tho industry can be developed Hucoossfully and recently a demonstration 
party has beim oiganisod to work in this district with this end in view 

Borax —^Borax as a raw material is not found in the Punjab, but the 
industry of refimng borax has been earned out in the town of Jagadhari from 
very old times Borax, which occurs as a natural salt, is obtained fiom lake 
deposits of Tibet and Kashmir Before the advent ot the imported material 
there were working in this town of Jagadhaii about one dozen factones pro¬ 
ducing 30 thousand maunds of borax per year, but now they have all stopped 
working and recently an attempt has been made to revive this industry by 
introducing better methods of refining and recTystaliiamg this material so as 
to produce a product which can mati^h foreign one 

The possibihties of preparing born* acid from borax by decomposing tins 
chemical with hydrochloric acid and sulphuru acid ate being investigated and 
if the process can be worked commoicially, it will bo introduced in the province 
The importance of borax industry need not be stressed, since there is no other 
source in Northern India from which tins material can be made available at 
present, and the industry requin^s encouragement 

CVLoride, —Salts of ammonia ot great importance and 
specially in these days of war no country can afford to be without them In 
India the sources of supplies of ammonia salts are very hmitcd and the develop¬ 
ment of this industry has not biwn oonsidonMl from national point of view so 
far In the Punjab the supplies are almost restricted In spite of tho fact that 
the Punjab has good coal for distillation, no coal distillation plants have been 
installed there The Punjafi has thus been deprived of the advantage of 
supplying ammonium sulphate to other provinct^s of the country To compen¬ 
sate this loss, however, we had in a particular area of the pruviuc^e an industry 
which produced ammomum ohlonde from very old times This industry has, 
however, died out duo to foreign competition and recently efforts havf» been 
made to rovivo it Ammomum chloride is collected m raw form from old 
brick kilns The mechanism of tho process is under investigation It cannot be 
said whether it Is obtained from the clay which is used in making the bricks, 
or the fuel which is burnt to fire them Tho production of ammonium chloride 
on flystematio lines has, however, been started Ammonium chloride of good 
purity has been produced and marketed Due to success the industry has met, 
the production of ammonium ohlonde from ammonium sulphate and sodium 
ohlonde has also been taken in hand This was necessary due to large demand 
of the salt which has recently arisen and due to the paucity of suppLes of raw 
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ammonium c^liloTide that can bo collooted from indigenous kilns These kilns 
which had practically been lying idle have now again become^ active and it is 
hoped that if the study of the moohantsm of the process of production of 
ammonium chloride provid(*J5 a workable clue, a new typo of tunnel kiln may 
be made by which the process of production can be modernised 

Magnesium Salts —^Iii the Salt Range, intermixed with salt htnl, are also 
found ci^rtam salts of magnesium of which the most important are epsomite, 
kieserito and glaubcrite Tiie ext(»ut and workability oi those deposits have 
not yet been investigated 

The products of hi^avy ohcmit al mdustnos find use in a number of ohexmeal 
industries The intor-industnal movomi nt of the raw materials produced by 
these industries have shown in fig 1 It will be tumi that the most 
impoitant ludustrips whuh use products of the heavy chemical industries 
are glass and (rnamics, pulp and paper, soap, paints, varnishes and lacquers, 
vegetable and animal oils petroleum refining, leather, wood chemicals, naval 
stores, textiles and rayons, explosives and plastic materials, dye products, 
fine chemicals, electro chemu^aJs, and rubber With the exception of the last 
seven industncs, all other induHtries have developed to some extent in the 
Punjab If heavy chemicals (‘an bo made available abundantly and cheaply, 
the dovolopmciit and growth of these industries would be multiplied, since th(j 
primary raw matuiials on which these mdustnos are dependent are all found 
in the provim t in large (quantities Their location m proximity to each other is 
another nnpoitant factor which would stimulate the growth of these industries 

As stated above almost all the raw mat<inals are found in the Salt Range 
which IB an ideal loc*alitv for the growth and development of these industries. 
Alrc^adv the industnes foi the manufaotun^ of soda ash and cement and 
petroleum rohnaig liavo been built up m this locaUty Besides, there are 
numbers of other industries, of which c^oal distillation, dye products, fertilisers 
are the most important, that can also be developed there The Salt Range, 
wiuoh presents from a distance the appearanoejof' ruined walls and fortification*, 
treasun^s in its heart law materials of gn»at industnal value which are easily 
approachable and extractable m immense quantities In any other country 
of the world, such a locality would hum with industrial hfo and activity, but in 
the Punjab, in tune with other national institutions, this locality hen passive and 
dormant waiting perhaps for some distant but bright future 
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MANUFACTURE OP MAGNESIUM CHLORIDE AND OTHER ALLIED 
PRODUCTS AT KHARAGHODA BY J'HE I*]ONEER 
MAGNESIA WORKS, LTD 

By B S Lalkaka, B a , Managing Direttor The Pioneer Magnesia 
Works, Ltd , Fort, Bombay 

{Read at Symposium, Aj^ril 19, 1941 ) 

'Bitterntt’ 18 a term applied to the residual motljer liquors left in the salt 
pans after sodium chloride (common salt) is foimtd This is generally found 
m the ratio of 1 to 12 at Kharaghoda whoie tlie manufacture of salt on a 
large scale is carried on under th( control and supervision of the Salt 
Department of the Central Govorument Tlu^ mode of manufacture at 
Kharaghoda differs considerably from tlie inetiiod in vogue at other places in 
India and elsewhere, where ordinary hi a water is used Kharaghoda forms 
part of the Bunn of Outoh, and is only twenty nulos away from the important 
Railway junction of Viramgam with whieli it is connected by a broad and 
metre gauge line of the Bombay, Baroda and Central India Railway Company 

The Pritchard Salt Works ot Government at Kharaghoda were first 
opened about 76 years ago and are now giving an average annual pioductiou 
of about 30 to 40 lakhs of Bengal maunds oi what is known as^Badagra’ 
salt. The whole of this area is practically a sandy desert extending right 
up to the borders of Sind, and was probably submerged in bygone ages, And 
the sea has now receded to the Gulf of Cutoh situated about bO miles away from 
Kharaghoda Agurs 

Salt manufacture begins at Khaiaghoda soon after the rams, when the 
brme with which the sandy soil is saturated is raised from shallow wells and 
filled into salt pans to a depth of mno mches to a foot and is allowed to evaporate 
for a penod of from six to eight weeks Thin incrustatious of salt aie formed 
at the bottom and the floating bitterns, or waste mother liquor, is then dramed 
off into separate channels known as ^farans’ Fresh bnno is then slowly 
added until actual salt cubes are formed and are ready for extraction and 
storage to the Central Government Stores by April The Salt Works, which 
are divided into a number of ‘sidings', are served by a net-work of railway 
lines and are a regular hive of mdustry durmg each working season giving 
emidoyment to several thousand labourers Several engines, each drawing a 
load of 40 to 50 wagons laden with salt ply from sunrise to sunset until all the 
aatt IB removed from the Agurs and stored m the closed and open Government 
stores near the Railway station some few miles from the Runu The rainfall < 
averages only about 20 inches annually but this is sufS.oient to flood the low- 
lying Agur area in the monsoon. During the summer months the sun is very 
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hot, the dft\ temperature nHing up to 120°F and duat atomiAi are frequent, 
but the tiold weather healthy and braouig 

The ‘ bittiTHH * which art‘ drawn off to the extent of several thousand tons 
annually during the salt season are extremely neh in magnesia salts, and are 
largely utilised for the manufacture of magnesium ehlonde This is an mdis 
pensable ingredient of daily use in the sising of yarns in textile mills and is 
also largely requirt^d for mixing with magnesite for purposes of jointless flooring 
(omposition as well as for the manufacture of magnesium carbonate, calcium 
chloride, 85% magnesia (foi boiler coverings) and other important uses 

Th(» ‘ bitterns' left in the pans after the manufacture of common salt from 
sea water (contain several important salts, but, as thi^ following analyses will 
show, there is a greater (concentration of both common salt and magnesniin 
chloride contiMits in the land bitterns and brines deiived from the Ruun of 
Cutch as compared with direct sea water It may be mentioned, howevei, that 
the bnnes vary considerably m composition even in adjacent wells and tiic 
figures given in the following table are only the averages of a few samples 
analysed at the Oovernment Laboratory, London, on behalf of the Director of 
Industries, Bombay The figures for sea water arc based on the well-known 
analyses of Dittmar 


ComposUwn of the Khtmtjftoda brines and tfio$e dertved from sm water 



Kharaghoda 

brmes 

Sea 

water 

Hodjiini chlondo (NuCl) 

Per cent 

14 67 

Per cent 

2 72 

MagneMum chiorulo 

MaguoHium siilphato (A^S 04 ) 

4 63 

0 33 

0 48 

0 22 

Calcium sulphate (CaS 04 ) 

044 

0 18 

Potowiiuni ohlorulo (KCl) 

0 41 

0 07 

Calcium carbonate (OaCO^) 

0 01 

0 01 

Magnesium bromide (MgBr 2 ) 

0 07 

0 01 


* Bitterns* contain all the above salts except the (calcium sulphate, and 
n»oently effmiis have boon made to utilise them to bcMi»t advantage At the end 
of each season they are usually washed away by the ram 

Magnesium chloride, magnesium sulphate (Epsom salt), potassium chloride 
and bromine are all substances of groat commercial value, and the quantities 
annually wasted in India have been roughly estimated by Watson and 
Mackenzie Wallis as follows — 

AmouM of mlta wasted annually %n Indian * btUerne* 

Tons 

Magnesium chloride (MgC^OHgO) « . 1,93,000 

Magnesium sulphate or Epsom salts <MgS 047 H 20 ) 1,27,000 

Potassium chloride (KCl) . * . • 20,000 

Bromine (Br) . . .. 1,800 
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Magnesium Chlobibe 

Before the last World War tuaguesium chloride was practically a German 
monopoly, Indian supplies being almost wholly imported from Germany at a 
very low price of Rh 3 to 4 per owt At Stassfurt m Germany there are large 
depoaitH of the mmeral known as eaniallite, which ih a double compound of 
potassium and magnesium salts with tracers of bromides and iodides 
Magnesium chloride forms the greater portion of this carnallite and has to bo 
ehminatod before recovery of the potassium bromides and iodides, so that it 
could be advantagooush exported as a by-product at (*omparatively little 
cost, especially when it could also be shippcnl as bottom targo at low freight 
rates 

Magnesium cliloride is on<* of the five most imjtortant ingredientH used in 
size mixing All grey varus befoie passing into the loom-shinl require to be 
sized to an extent varying with the nature of the tloth to be woven and 
according to prevailing elimatu < onditious, but in order to keep the thread 
pliable and soft and to enable it to withstand the strain involved in the process 
of weaving, a certain amount of size must alwHys be needed 

The following are the most important sizing substances in use — 

{a) Adhesive or starchy ingredioiitK, like wheat flour, maize starch, or 
farma, 

(6) Weight-giviug products, like China tla\ and French chalk, 

(c) Fatty or softening substances, like oils, beef and mutton tallow, 

glyoenne, soap, etc , 

(d) Zinc ohlonde, to prevent mildew or fungus growths, and 

(e) Deliquescent agents, like magnesium or calcium chloride for keeping 

the thread pliable and soft Magnesium chloride, Inung highly 
hygroscopic, is peouhariy suitable as a sizing material 

At Ahmedabad, where the chmato is for the most part very dry and hot 
and much heavier sized cloth is woven, then^ is naturally a greater consumption 
of nttkgneaium ohlonde than in Bombay, where the climate is humid and the 
doth is finer than that made at Ahmedabad The consumption usually varies 
from about 5 tons per 100 looms per annum in Ahmedabad to about half that 
quantity m Bombay and elsewhere according to chmate and the size percentage 
given and whether there is night-shifts working or otherwise 

Taking the total number of looms in India at about 200,000 and estimating 
about 3} tons per 100 looms per annum as the average mean consumption, the 
an nual requirements of the country for textiles alone may be roughly about 
7,000 tons. These were practically wholly supplied from Germany before the 
last Worid War But as soon as hostilities started and supplies were gradually 
oat off, a stimuhiB was given to the investigation of local resources and attention 
was drawn to the almost unlimited supply of bitterns ’ at Kharaghoda running 
to waste from year to year, with the result that experiments were conducted 
to test the possibibty of turning out a good substitute for the German article 
3 



108 B B rMXAJtA MABVFAOTTTBB OF MAGBBSIUH OHLOBIBB & OTHBB ALUBP 


Mabttfaoturb of Maokibsium CHiiOBiDB IB Ibdia 

Tendeni were inrited by the Government of Bombay for the right to 
remove the * bitterns’ from the Pritchard Salt Works at Kharaghoda for the 
manufacture of magnesium ohlonde and other products, and Mr P V Mehd, 
M A , B So , who was then working as an Assistant Professor of Chemistry 
at St Xavier’s College, obtamed the first contract for the extraction and 
removal of the * bitterns’ for the year 1915 on payment of 8 annas per cwt 
as royalty to Government Fresh tenders were subsequently invited for a 
further one year’s period and a private firm under the name of the Pioneer 
Magnesia Works in partnership with the Hon’blo Sardar Sir Bustom Jehangn 
Vakil, miU-ownor and merc^hant of Ahmodabad and Messrs P V Mehd and 
B S Lalkaka took up the manufacture on payment of Government royalty 
which was then fixed at Bs 1-8-0 per cwt 

As the first contracts were only given from year to year, it was not possible 
at the outset to work on a large or a permanent scale, and during the first 
years the crude ’bitterns’ were railed from Kharaghoda to Ahmedabad, 
a distance of about 60 miles, and further treated there in a rough way for the 
use of the mills Subsequently, however, the factory was removed to 
Kharaghoda where, however, on the grant of a long-term agrc»ement from the 
Government it has been working successfully for the last 25 years or so* 

The factory covers a very large area of several thousand yards leased 
from Government on which are situated their mam plant and buildings, as 
well as ofEicers* bungalows and workmen’s chawls, drum-makmg plant and store 
houses, etc and for the stacking of many thousand drums annually made, and 
big reservoirs paved and cemented are also constructed to hold a large supply 
at hand of the raw material and for other work A stock of several thousand 
drums of the finished product is always mamtamed to meet the demand The 
plant was first designed in consultation with the Principal of the Victoria 
Jubilee Technical Institute, Bombay, and subsequently it was thoroughly 
overhauled and re-designed as per valuable advice and guidance received from 
Mr Kapilram H Vakil, M Sc Tech (Mane), FIC, MI.GbemE., the well- 
known Ohemioal Engineer and Technologist Mr Fakirji E Bharucha, 
L M E,, M1 Mech E (Load), M.I E , Consulting Engineer, also tendered useful 
advice as regards fuel problems 

Ofbbatiobs at Khabaohoba 

The first stage of operations at Kharaghoda is the collection of’bitterns’ 
at the source and their transport and collection at the factory. As the 
’bitterns’ concentrate further m the reservoirs their coUeotion is earned out 
considerably in advance of their utilisation at the factory Even at a dmsaity 

of 48’’T the ’bitterns’ still contain some common salt, and the manufacturing 
operations are designed to eliminate this and other salts, as well as suspended 
clay and like impurities The latter settle down m the reservoirs along with 
8b 
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the* common salt, and the resulting liquor rich in magnesium ohlonde is then 
pumped into a senes of copper pans placed over fumacos and heated to the 
requisite density by means of concentrated fire and the flue gases until it is 
finally recovered and poured into drums where it quickly sobdifies and is ready 
for removal 

Analysis made on vanous occasions by competent chemists, both here and 
in Europe, would show that the Indian magnesium chlonde is equal in quality 
and strength and colour to the best obtainable anywhere, and in price also it 
compares very favourably with any imported article and it has succeeded in 
ousting the foreign material to a very great extent 

Besides capturing the bulk of the Indian market, the Pioneer Magnesia 
Works, Ltd have succeeded in popularising their magnesium chloride in 
Great Britain and in other parts of Europe and Australia where before the 
present war considerable quantities used to be shipped, but which are now 
practically stopped owing to hostihties and want of shipping 

Othbb Mabufactubb 

The Pioneer Magnesia Works, Ltd also owned another big chemical 
plant at Mithapur near Okha Port in Kathiawar for the production of 
magnesium chlonde and other by-products including Epsom and potash salts 
But subsequently with the opening of the Tata Chemicals, Ltd there on a 
large scale for the production of soda ash and a dozen other allied chemical 
products, the company's activities are now confined only to Kharaghoda. 

Amongst the other important products manufactured at Kharaghoda 
besides magnesium chloride on a large scale, may be mentioned table salt, 
magnesium sulphate, magnesium carbonate, 86% magnesia for boiler oovermg 
and lagging, and calcium chlonde, potassium chlonde and bromine The 
company has spared no effort nor stinted money in carrymg on the necessary 
research at a cost of thousands of rupees and they have always freely supported 
and endowed research scholarships whenever any suitable opportunity occurred 




ACTIVATION AND CLARIFYING PROPERTIES OF 
FULLER’S EARTH 

PART VH. ACTIVATIOKr OF FULLER’S EARTH 

Rv B S Kitlrarnt, Ph D , and S K Kulkakni Jatkab, D Sr , 

FI 18c, FIC , FInstP 

{Read at Symposium, April 19,1941 ) 

In previous parts ^ the fuller’s earths from different sources in India 
as well as from foreign oountnos wore tested for their decolorising properties 
It was found that the pH of the extract, obtained by shaking a quantity of 
the earth with sodium chloride solution, showed close relationship with the 
decolorising power of the earth the higher the docolonsing power, the lower 
the pH of the extract This relationslup hold in the cose of all samples of 
the earth whether raw, acid activated, olcotrolysod and olectrodialysed oi 
dehydrated to difForont extents The inverse proportionality between the 
bleaching value and the pH was seen fiom the constancy of the proportion¬ 
ality factor (pH X decolorising power) The relationship also held m the 
decolonsation of two different vegetable oils 

The observed relationslup between the pH and the activity of the earth 
iH to be explained by the fact tliat the pH of the extract is a measure of the 
exchangeable hydrogen content ot the earth and it is this hydrogen content 
which appears to be responsible foi the activity of the earth 

In a study of the removal of colouring matter by fuller’s earth from a 
vegetable oil, it was found that the colour was not totally removed by phys¬ 
ical adsorption, since the vanous requireinonts of the Froundlich isotherm 
could not be fulfilled The nature of the decolonsation curves showed that 
only a small proportion of the colouring matter was removed by adsorption 
and the rest by chemical reaction with the active element in the earth With 
fine-gramed earth, decolonsation could be expressed by a modification of 
the Freundheh equation xjm » oc" where be accounts for the chemical 
effect Takmg into consideration the existence of base-exchange reactions 
usually found in clay matenals and the observed relationship between the 
pH and the decolorising power of the earth, the chemical reactivity of the 
exchangeable or zeolitic hydrogen in the earth with the colounng matter 
of the oil became obvious 

When h 3 rdiogen earths were oon'gerted into sodium, magnesium, calcium 
or elumimnm earths by treatment with the corresponding salts, the activity 
of the earth was oonsidmrably reduced The activity could, however, be re¬ 
stored by treating these earths with a small quantity of hydrochloric acid 
The replacement of the bases by hydrogen could also be effected by subjecting 
the earth miqiension to electrolysis or electrodialysis, when calcium, sodium 
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and alumuuum oould be found extracted in the 'wash and the deodorisuig 
power of the earth moreasod The electrolytic activation of the earth oould 
be augxnented by addition of small quantities of acid which helped towards 
further extraction of the bases The activity of the earth was found to have 
no relation with the exchangeable calcium as postulated by Folge and 01m * or 
with the combined action of exchangeable aluminium and hydrogen as 
suggested by Hofmann and oo-workers * 

The activity of the earth was, however, found to depend on the nature 
of the essential mineralogical constituent of the earth as found by Hofmann 
From the nature of the dehydration curves and their oompanson with those 
of well-known clay mmerals, the earths could be classified with regard to 
their mineralogical origin Active earth showed high proportion of mont- 
morillomte, while in the less active ones kaolimte predominated The higher 
activity of the montmonllonite earth is in agreement with the fact that mont- 
monllomte is characterised by a high xeohtic exchange From the rate 
of dehydration and the amount of water loss, the two types of water, namely, 
adsorbed water (‘planar* and ‘broken-bond’ water) and the crystal lattice 
water denved from the H and OH planes, could be distmgmshed A study 
of the activities of the earth samples dehydrated to different extents showed 
that while the loss of the planar water increased the activity of the earth, 
the loss of crystal lattice water affected the activity adversely 

These results gave an insight into the mechanism of the activation of the 
earth by the vanous processes studied 

In activation of the earth by electrolysis and eleotrodialysis the hydrogen 
derived from water replaces the vanous bases which are extracted at the 
cathode m the fqrm of hydroxides 

In activation by acids, the action of acid results in reducing the earth to 
the fundamental montmonllonite structures, replacing the bases by hydrogen 
and openmg the crystal channels by dissolving the adhermg unpunties This 
facilitates zeohtio exchange of hydrogen when treated with salt solutions 

In acid activation the nature of the anion m the add employed has thus 
no influence The difference m activation, brought about by hydrochloric 
acid on -one hand and sulphuno acid on the other, is due to the insolubihty 
of oalmum sulphate, the deposition of which cloggs the crystal channel and 
thus lessens the exchange capacity of the earth 

That an activated earth belmves as a hydrogen zeohte is further shown 
by the fact that the hydrogen can be progressively replaced by using higher 
and higher concentrations of a replacing cation. Accurate measurements by 
conductivity method of the hydre^n ion so extracted showed that the replace¬ 
ment proceeds according to the law of mass action: 

[□-H'-H-JINa-H-,]’ 
whwe denotes the earth complex. 
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The low value of the equilibnum (£) found indicated that the hydrogen 
18 tenacioufily held to the Burfaoo ThiB observation is in conformity with 
the peculiar behaviour of hydrogen in hydrogen clays found by Weigner 
and Jenny * 

It has long been advocated by Bckart ^ and also by Weldes ^ that the 
increased activity of the earth on acid treatment is due to the dissolution 
of alumina and silica from the body of the earth resulting m an increased 
porosity and absorption The increased porosity cannot, however, explain 
the direct dependence of activity exclusively on the hydrogen zeolitic content 
of the earth In the light of the above results the moreased activity is to bo 
attributed to the removal of most of the extraneous matter from the earth 
and to the opening of the crystal channels, making the exchangeable hydro¬ 
gen available for reaction Prolonged digestion with acid impairs the activity 
because it results in the decomposition of the montmonllomte structures 
The results obtained m the present paper are in support of this view 

For the manufacture of activated fuller’s earth, the following processes 
have been tried (1) simple roastmg (oaloimng), (2) digestion m acid solu¬ 
tions, or m mixture of acid solutions and salts, (3) digestion m alkahes; (4) sub¬ 
jecting the dry earths to gaseous acids, and (5) electrolysis and eleotrodialysis 
of aqueous suspensions The suitability of any of the above processes for 
ad(^t]on on a oommorcial basis is governed by the nature of the raw material 
So far as most of the common earths and, particularly, Indian earths are con¬ 
cerned, the processes 1,4 and 5 are unsuitable, as, either they yield unactivatod 
or only weakly activated products or the cost of their operation is forbidding 
In aoid activation, mtno, oxalic and sulphurous acids are unsuitable For 
Indian earths, only sulphuric and hydrochloric acid solutions have been 
found to give promising results as the activating agents The optimum 
oonditions of operation with regard to eaoh of the two reagents have been 
determined m the present investigation 

Although deposits of fuller’s earth are spread all over India, a commer- 
oially workable supply is obtainable only at a few deposits The foUowmg 
table shows the output of fuller’s earth m India from 1333 to 1037.— 



1G33 

1034 

1036 

1036 

1037 


Tons 

Tons 

Tons 

Tons 

Tons 

Hydavabod (Sind) 
Khalipur State 

. 688 
8,776 

821 

4,281 

685 

4,201 

870 

2,028 

4,844 


1,491 

2,213 

1,437 

1,614 

869 

JalsslBwr 

17 

18 

17 

17 

13 

Jodhpur 

1,260 

1,168 

1,260 

1,261 

1,640 


In the present research we have used the earth from Hyderabad (Sind) 


BxnmsJsmAL. 

(I) Activation with hydrochloric and sulphuno add solutions: The method 
of activation consisted in heating under reflux a weighed quantity of earth 
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with a inoaaured volume of acid aolution of a known strength After diges¬ 
tion for about three hours, the mixture was filtered through a buchner The 
earth was washed free from acid dried at 110® before testing for activity. The 
volume of the acid solution used was such as to sufficiently cover the earth 
m the digestion flask The proportion of the volume of the acid solution 
to the quantity of the earth was 200 o o of acid solution 100 gms of earth 
The decolonsing expenments were earned out on a sample of safflower oil, 
the onginal colour of which was 9 8 yellow Lovibond units, using 1 % earth 
The following table gives the results •— 

Hifdrochhrtc aotd 



Loss of 

Umts of 

And 

earth in 

Lovibond 

strength 

activation 

colour 


®/o 

removed 

IN 

120 

7 1 

3N 

20 1 

75 

.5N 

27 7 

85 

7N 

32 4 

4 4 


Slitlphurui aetd 



Loss of 

Units of 

Acid 

earth m 

Lovibond 

strength 

activation 

colour 

®/o 

removed 

IN 

11 5 

69 

3N 

18 0 

74 

6N 

23 5 

84 

7N 

25 7 

74 


Tt will be seen that the activity of the earth obtained is highest at AN 
acid strength, and drops below and above that strength The earth, however, 
suffers progressive loss in weight with the aoid strength indicatmg that with 
higher concentration of acid solutions more decomposition of the earth takes 
plac^e with loss in activity 

The action of sulphuric acid is consistently of lower order than that of 
hydrochlonc acid Hero also highest activity is obtained at 5N acid con¬ 
centration 

(II) Activation with mixtures of sulphuric and hydrochlonc acids was 
earned out and the activity of the product determined The acids were mixed 
in equal proportions to give the suitable strengths. The following table gives 
the activity of the treated earths — 


Acid miaoturca 


Total strength ITnits of Lovibond 
of the acids. colour removed 


8N 7 5 

5N 7 4 

7N 6 2 



OUBIFYmO PROniBTIBS OF FOTUm’S BARTH 


116 


The activity of the product is lover than that obtamed vith a wn gln 
and. Mixtures of acids in various other proportions were tried but all gave 
lower activity than the product obtained with 6N sulphunc acid 

(m) Activation of the earth was tried with snlphunr and solution to 
which an equivalent amount of sodium chlonde was added The following 
results were obtiuned.— 


Aoid fltrength 

Lovibond units of 
colour removed 

3N 

72 

6N 

7 4 

7N 

0 2 


Here the activity obtained is almost the some as with the mixture of 
acids 

(IV) Dry Proeesa —In this method a thick paste was formed by gnndmg 
with tiie powdered earth a reqmsite volume of concentrated sulphuric acid 
The paste was heated in a porcelain hasm on a sandbath for about two 
hours at 160°G The dry product in the basin was powdered and washed 
free from acid and dried. The following table gives the rosults — 


HgS 04 per 
100 gms 
of earth 

Equivalent 

Loss of 

Unit of 

Xormahty 

earth on 

Loviboncl 

in tho wet 

activation 

c oloiir 

method 

/O 

removetl 

10 

1 02 

76 

72 

20 

2 04 

10 6 

84 

30 

306 

124 

83 

40 

4 08 

15 6 

70 

30 

5 10 

17 7 

54 

60 

6 12 

20 6 

30 

70 

7 14 

21 4 

2 3 

80 

8 16 

22 6 

1 8 

00 

0 18 

23 7 

1 6 


There was no free acid in the filtrate The results show that highest 
activity is obtained with 20 to 30% sulphunc acid In the wet process 
this aeid quantity would amount to 2 04N and 3 06N and gives a product 
the activity of which is as much as that obtiuned with 6N sulphunc acid 
solution in the wet process If the activation is carried at about 200‘'C, the 
activity IS found to decrease and the iron salts decompose into insoluble iron 
oxide which colours the final product 

It IS intended to tiy this process on a semi-commercial stage 


StnoiABT 

A review of previous work of the authors on the activation and clarify¬ 
ing action of fuller's earth is given 

A dry {Hooess of activation which consists of heating a mixture of the 
raw earth with 20% of sulphunc acid at IfiCO gives a satisfactory product 
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ON THE UTILISATION OF INDIAN RAW MATERIALS FOR THE 
MANUFACTURE OF SULPHURIC ACID 

By Q GofaIiA Bao, Reader %n Ghem%a(ry, Vmvera%iy College of Science and 

Technologyf Waltair 

{Read at Sympoeium^ April 19,1941 ) 

Sulphuric add is one of the most important of all chemicals, because of 
the wide use of the acid in many different mdustnal works It is to the 
chemical industry what iron is to metallurgy ^fhe general public, however, 
do not realise this fact, for sulphurio acid does not appear in the finished 
product as does iron or steel, but is only an intermediate raw matenal essential 
in many industries, such as, for example, the manufacture of phosphatic ferti¬ 
lisers, munitions and explosives, dyes, petroleum products, of various acids 
and innumerable other chemical and metallurgica] products The demand for 
sulphuno acid responds much more quickly to a general slump or boom in the 
industrial world than does the demand for iron or steel, so that it can rightly 
be said that the demand for this acid for chemical and metallurgical industries 
IB an accurate and sensitive barometer for the general business conditions 

In India the prmcipal manufacturers are the coal, iron and steel companies 
situated in Bengal, Bihar and Orissa, the ammunition factories and the chemical 
compames (D Waldie & Co, with works at Konnagar and Cawnpore, the 
Bengal Chemical ft Pharmaceutical Works, Ltd of Calcutta (established 1909), 
Messrs Parry ft Co of Ranipet (established 1909), the Eastern Chezmca] 
Co with works at Bombay (established 1913), Dhannsi Morarji & Co of 
Bombay, the Baroda Chemical Works, Baroda) The entire manufacture of 
sulphuno acid in India is based on imported sulphur 

Sttlphanc Acid from Sulphate Minerala 

One of the most widespread and easily obtainable souroos of sulphur is 
gypsum or anhydrite and the urge towards national self-sufficiency in sulphur 
IS causing considerable attention to be paid to the problem of the utilisation of 
oalmum sulphate, particularly in Russia and France* The Committee appomted 
by the French Government in August 1937 had recommended (in view of the 
difficulty of importing adequate supplies of pyntes from Spain) that a large- 
scale industry should be established for the manufacture of sulphuno acid 
&om gypsum. An extensive report of laboratory and factory scale investigation 
of a process baa been mode by the Russian investigators S. M* Rojak, 
M L Gersohman, K. F Mtloslavski and Z I Nagorova {Trana AU Unton 
Sd /ns«. Usmen^ 1035, No 10,5) It is said that a suitable composition for the 
raw mixture is calcium sulphate 80%, dned clay 16%, and coke, anthracite, 


VOL. IX-No, 1. 


[Fubhdied 18th Blay, 1848. 



118 a QOFAIiABAO ON THS tmLXSATZON OF IKBUH BAW lUTBEUliB 


etc 5% A miorosoopio study of the clinker shows that the petrographic 
structure is identicaJ with that of ordinary Portland cement, provided the 
burning is correctly carried out A somewhat similar process has been 
investigated by V S Dubey, M B Bane and M Kanakaratnam [Bvil* Indian 
Ind Rea Bureau, 1937, No 6) m which alumina and sulphur dioxide are 
produced from bauxite gypsum mixtures No carbon was added to aid 
displacement of SO 2 from gypsum If the mixture of bauxite and gypsum m 
the ratio of 2 5 are heated at 1209-1250° for six to seven hours, the sulphur 

dioxide IS expelled completely from gypsum The resulting calcium aluminates 
on hydrolysis furnish pure alumina 

The first publishcnl description of the process as employed by Imperial 
Chemical Industries, Ltd, at Bilbngham to manufacture high class Portland 
cement and sulphuric acid from anhydrite and white clay was made by 
M Nicol^tis (XVII Cong Chim Ind Pans) 

P P Budnikov and E I Kretsch (/ Appl Chem Susa , 1936, 9, 1929) 
have studied the reaction between finely ground calcium sulphate and carbon 
at 800-1200° The rate of reduction is proportional to the relative concentra¬ 
tion of carbon and inversely proportionid to the diameter of the particles 
The same authors (ibid , 995) find that the direct decomposition of calcium 
sulphate by chlorine at 900-950° is accelerated by the addition of various 
substances, mckelotis sulphate having the greatest effect* It is stated that 
a 100% yield of SOa was obtained at 1100-1160° and 86*6% yield at 1000- 
1050° m the presence of silica In this projected process the chlmine is 
recovered as hydrochloric acid. 

The reaction between pure calcium sulphate and kaolin was studied by 
Q Marchel (J Chem Phys , 1926, 23, 38-60) and the thermal dissociation in 
the presence of oxides of iron, silicon, aluminium and chromium has been 
studied by the Russian chemists (of J Appl Chem Rues , 1932,5,897-001) 
India IB quite rich in deposits of lugh grade gypsum Most of the gypsum 
now mined is being used in the cement mdustry, where gypsum is added to 
the ground cement clinker to control the setting propeTties of the cement 
The production of gypsum is moreasmg as the following statistics show;— 

Period Average annual production 

1914-18 18,857tons 

1919- 23 35,133 

1924-28 * 41,199 „ 

1920- 33 . 50,112 „ 

70% comes from the Punjab, the remainder from Kadimir, Bajputana and 
Madras In the Jhelum district of the Punjab the mineral ooouis in enor¬ 
mous quantities and extends through Shahpur and Mianwali disblots along 
the whole length of the southern flank o( the range from Jalalpur to Kalabagh 
on the Indus At Ehewra m the Jhelum district, the Department of Northern 
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India Salt Revenue undertake the quarrying of gypsum as a Mubeidiary 
indufltiy* 

Immense deposits also eaust in the trans-Indus salt region of the Kohat 
district, North-West Frontier Province, ivhero moie oi iiss continuous masses 
up to 200 ft in thickness are found with bands of shale and clay Huge 
depositB also occur in Bpiti and Kanaur, m the Punjab Himalayas 

The Kashmir deposits are also immense and are siretihed for hfteen miles 
to the north of the Jhelum valley cart road near Braiiftara in th( Une Tehsil 
In Bajputana, the Bikaner State accounts for 54% of the production, the 
Jodhpur State for 46% and the Jaisalmer State for the rest 

In Southern India gypsum is widely distributi^d in the cretac (^ous rocks uf 
the Tnohinopoly district The mineral is mined at Karai in the Pc^rambalur 
Taluq and at Ottathur in the same Taluq and at Maravathur in lldaiyarpalayam 
Taluq 

In his evidence before the Indian Tariff Board onHeavy (Jhemu al Industr} 
(1930, Vol II, p 481) Sir Edwin Pascoe stated that gvpsiim of a very suptTior 
quality occurs in immense quantities in Burma, and can be picked up by hand 
labour over large areas of the country 

Another mineral which has a promising future in India is baiytcs, thi 
sulphate of barium, a heavy white mineral which finds its chief application at 
present in the paint industry India has very rich dcjiosits of this mineral 
The largest deposits occur in thc^ Madras Presidency Mining was staited in 
1918 at Betumcherla in Kuniooi district and over 24,500 tons had been 
exported from this district by the end of 1931 As a lesult of systematic 
mvestigation m 1932, Mr A L Coulson listed sixty localities in this region 


District. 

Taluq 

No of places 

Cuddapah 

Puhvendla 

8 

Cuddapah 

. Other Taluqs 

6 

Anantapur 

. Tadpatn 

8 

Anantapur . 

Other Taluqs 

3 

Kumool 

Dhone 

20 

Kurnool 

Other Taluqs 

7 


According to the estimate of Mr A. L Coulson {Mem (hoi Surv Ind , 
LXIV, Pt 1, 1933) at Kottapalle m the Puhvendla Taluq of the Ouddapah 
district there are over 30,000 tons of barytes m the first 20 ft of depth The 
Mutssukota deposit may contain 75,000 tons Four veins have been found 
near Nenjamupolle in Anantapur the largest of which is from 3 to 11 ft wide 
and has been traced for more than half a mile along its strike 

Barytes has been mined in the Alwar State of Bajputana since 1021, the 
total on^ift up to the end of 1032 bemg 14,302 tons. There are four separate 
deposits, the most important being situated four miles north by east of Pansal, 
where a vein of pure white mineral has been got. 
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It Will thus bo seen that wo have extensive deposits of barytes in India, 
and it will be worth the while to examine the possibilities of obtaining sulphuno 
aoid from this mineral Aocording to a patent granted to Mr M Kanaka- 
ratnam, sulphur dioxide is completely expelled by heating mixtures of bauxite 
and barytes in suitable ]>ropori3ons The Brown Go patented a process (U S P 
2,206,929) in which sulphuric acid and caustic soda are produced from barium 
sulphate and sodium sulphate as raw materials Barium sulphate is reduced 
by carbon to banum sulphide which is treated with aqueous sodium sulphate 
to give a solution of sodium suljjhide This is then causticisod with cupric 
oxide, using a method similar to that employed by Boguslvoski and his 
co-workers 

It has been reported that sulphur m considerable quantity can bo had 
from Baluchistan and that pyrites occur iii the Simla Hills and in the province 
of Bihar Detailed information about these deposits is not, however, available, 
the possibility of recovery of sulphur from well-known sulphate deposits 
cannot therefore bo ruled out of consideration 



HfiAVY CHEMICAL INDUSTRIES 

ByQ C Mittbb, OBE,MSe,FIC, Chief Aaaayer, 

Hia Majesty's Mint, Bombay 

[Read at Symposiim^ April 19,1941 ) 

India’s industnal developmont took a sharp turn during the last war 
The growth of vanous post-war industries caused a marked decline in the 
import of certain classes of finished articles, e g soap, rubber goods, pottery* 
paint, etc But while the import of manufactured goods have shown a steady 
and marked decline, there are two important categories in which there has 
been a phenomenal increase These two categories are machineries and 
ohemicala The gap m the industrial structure of the country to which much 
attention has recently been given both in the press and in public primarily 
concerns machvneriea and chemicals Rectification of this deficiency in the 
industrial equipment of the country can to a groat extent be achieved with the 
development of ( 1 ) the Metallurgical Industry, and of (2) the Sasic Chemical 
Industry In fact a co-ordinated scheme of development of these two industries 
should be taken up simultaneously 

Heavy ohemioals, os usually classified, include amongst others the 
following — 

Acids, alkalis both caustic and carbonated and salts, e g ammomum 
sulphate, sodium sulphate, sulphides, hydrosulphitcs, hypo-sulphites, sodium 
silicate and bichromate, magnesium, zinc and lead compounds, copper sulphate 
and calcium carbide 

Aesds —It is well known that for the development of Indian chemical in¬ 
dustries there should be cheap and abundant supply of H 2 SO 4 As the manufac¬ 
ture of this acid depends on the supply of sulphur or pyrites, a survey of such 
sources is the first step to be undertaken Acid made in India from imported 
sulphur can neither be cheap nor abundant The activities of the Board of 
Scientific and Industnal Research have, within the short time of its existence, 
been very enoouiaging m this direction They are enumerated below: 

1 Possibilities of mimng sulphur were indicated in the Survey B^ort 

of the Oedogical Survey m Sind and Baluchistan and attempts 
are being made to exploit it 

2 The recovery of sulphur from benzol by the two important factones 

at Jamshedpur and Bararee are going to be attended to 

3 . ]nurttoular attention is being drawn to the SOs set free during 

metallurgical operations involving the use of pyntes particularly 
during the manufacture of copper and zmo as it is considered as 
a rich and potential source of the acid. 

4 , Sulphur from coal and od are being exammed for utility m toule. 
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In my opinion the Bouroe of SOs supply from the metaUuigioal operations 
need urgent and prompt attention The d%liU%on of SO% aeifree %n (he manufac^ 
ture of copper may be an apparent htniranee but %ntene%ve reaeardk may hdp to 
improve the methods of manufacture and evolve a method of tUtlmng the tvaste 
SOfi gas 

Sulphuric acid is cheap in Europe but owing to its corrosive quality and 
high freight this industry in India has enjoyed a natural protection But its 
restricted output and high cost raises the cost of the manufacture of materials 
derived from this basic chemic^ The foreign manufacturers have taken full 
advantage of this situation as the import value of salts derived from this 
acid mounts up to a respectable figure 

Alkaha —^The other important heavy basic chemicals which require our 
attention is the manufacture of alkalis, both caustic and carbonated The 
value of import of alkali and their products easily derived from it exceeds a 
third of the value of the total chemicals imported mto this country It is natural 
therefore that the enterprising firms of the Tatas and I C I decided to start 
manufacture of this important basic material m this country The Mettur 
Industrial and Gliemical Corporation are, I understand, also in the field for 
the manufacture of caustic soda and bleaching powder The IC I. factory in 
Bengal is now producing caustic liquor and hypo*chlorite solution which finds 
a ready market m tliat part of the country A good portion of the requirementb 
of bleaching powder and caustic alkali is going to be met from these newly 
developed sources 

The manufacture of the carbonated alkali (soda ash) need not be confined 
to the electrolytic process In places where the raw materials for the 
electrolytic process are not easily available but where plenty of ammonia 
may be made available, synthetically or otherwise, the possibihtieB of the 
new process in which liquid ammoma is used as solvent may well be investigated. 
Japan, Russia and Germany have by different modifications of this process, 
the underlying theoretical principle being the same, started on soda ash 
manufacture on a commercial scale 

Calcium carbide —^The question of supply of ammonia suggests the 
possibilities of the carbide industry m this country But the claim of this 
industry is supreme from the pomt of view of a country's safety, well-being 
and prosperity As a source of acetic acid and acetone it has its utility in 
industries connected with (1) artificial sUk, (2) plastics and rubber, (3) 
varnishes and pigments (lead), (4) dyestuff and perfumes, (5) explosives, 
(6) artificial leather, and (7) pharmaceutical products The use of cyanamide 
as a fertiliser cannot be too strongly recommended m a prodommantly agricul* 
tural countiy such as ours It is true that a certain amount of some of these 
products are being obtained in this country by wood distillation and the possibi¬ 
lity of preparing acetone by fermentation and as a by-product of the petroleum 
industry are being actively investigated, but students of chemistry are well 
aware that synthetic acetic acod, acetate of lime and acetone obtained frmn 
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acetylene are fast appropriating the place ooeupiod by the same products 
obtained by the foregoing processes 

It IB, therefore, ilecessary that wheri^ clioap power and good hine an> 
avadablo a carbide plant should be installed Between Bihar and Bengal, 
m regions near the coalflolds thon^ are good lime quarries The next suitable 
place for a carbide plant will bo Madras where hydro-elec trie, power is cheap 
Heroi if the coal supply is not so abundant, plenty of chaicoal is available at a 
ohoa}) pneo And there ali'oady exists a large market foi this commodity at 
both the places It has been estimated that on a rough estimate the cost oi 
production will be somewhere about Rs 230 per ton while its pre-war price was 
quoted at Rs 430 per ton The economic unit will bt a plant ot five ton 
capacity 

Alu7ni7Ui aridaliimtmmn —^In view oi the growing impoi taiice oi aluminiuin, 
the new French pruciHts (Soailkw) of treating bauxite for alumina is woith 
notice Limestone and bauxite are calciiuHl at a tempe^rature of 950-1,100®C 
The crude aluminate of calcium is treated witli water on the counter curieiit. 
principle under contiolltKl conditions and the resulting solution of calcium 
aluminate is filtered and immediately treated with carbon dioxide obtained 
from the first oaloiriation, a mixture of anhydrous alumina and calcium 
carbonate being produced The final separation of anhydrous alumina from 
calcium carbonate can be brought about by treating a suspension of the 
mixture with water saturated with carbon dioxide when the bicarbonate of 
calcium formed goes into solution leaving anhydrous alumina behind In 
view of an ample supply of bauxite la this country, this process has much to 
commend for production of alumimum 
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SOME OBMEHVATIONS ON THE HEAVY CHEMICAL 
INDUSTRIES OF INDIA 


J3,yS P SJSNand J Datt, Bengal Chemical db Pkunmceutical Works^ Catcatta 


(Bead at Symposium^ April 19, J94J ) 


A diBCuHHioii on heavy chemical industry immcdiatoly brings in the 
question of Hulphuric acid It ih often said, and very rightly indeed, that th<» 
industrial devolopmout of a countiy is measured by the quantity of sulphunc 
acid it consumes The subject of 8ul})huric and again bungs m tlu problem 
of sulphui of which there? is no appreciable souice in this country India, 
like many other countries, has to depend upon imported sulphui From the 


amount ol sulphunc acid produccnl 
sulphui consumed may bo judged 

Centre 

Amritsar 

Jamshedpur 

Cawnporci 

Bombay 

Madras 

Mysore 

Calcutta 


in diffonnt centres an amount of the 

Production of sulphuric 
acid in tons per day. 

10 
60 
10 

5 

6 

.10 

46 

Total 160 tons 


Taking the sulphm content about 33%, daily consumption of sulphur is 
about 60 tons Previous to the war the mam source of supply of sulphur was 
Sioily, on account of the Sicilian sulphur being free from aiwynic But since 
the outbreak of the present war America has become* our mam source of sulphur 
But the shipments are so UTcgular that at any time there can be a onsis lu 
the manufacture of sulphuric acid A souri*e ot sulphur has recently been 
found in Baluchistan, which was iii fact known long ago It can be worked 
out now and the Government of India have already taken up the work m 
hand But transport difficulty and other consideration stand in the way oi 
its economic exploitation at the present moment 

There ore, however, good deposits of pyntes and gypsum in India which 
contain a fiur prop(»rtion of sulphur But all the sulphunc acid plants in 
India are equipped with sulphur burners 

Industry in country sprang up and developed at the natural instmot 
of some of the great men of the country There was no national plannmg of 
industries. Countnes, where industries have been set up on national pla nn i n gs, 
are not threatened to-day with such a crisis Their big industries are planned 
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on local adrantageous oiroumstanoea Manufacture of sulphuric add from 
pyrites is being earned out in many countries Q 3 rpBum seems to have attracted 
lesser attention, yet a major portion of the USSR acids are known to be 
produced from this source to suit their local conditions 

It must be admitted on oil facts that the individual manufacturers in 
this country are now busy beyond their normal capacities It is, therefore, in 
our qpimon, one of the foremost duties of the Board of Industrial and Scientific 
Besearoh to work out and set up a pilot plant for sulphuric acid manufacture 
from pyntos and gypsum after liaving explored the posBibilities of aU raw 
materials, specially of gypsum and pyrites, and this will bo of groat help to 
the manufacturers 

There is, however, one difficulty with regard to thc^ uhi« of Indian pyiites 
As iar as wo know, there is hardly any deposit free fiom aisemc Gypsum, 
however, is quite pure and may serve as a supplement for the manufacture of 
acids used for medicinal or other purposes of human consumption 

There are some who hint at the inefficiency of Indian manufacturers and 
oiitioise adversely the protective measures under which they are workmg 
If a foreign manufacturer can produce and export a commodity at lower price, 
It 18 , in their opimon, unreasonable to ask for any protection after the expiry 
of a long period of spoon feeding and thereby indirectly taxing the poor rate¬ 
payers While their reasonings are perfectly sound, their analysis of the 
situation IS, however, hardly correct The manufacturers arc neither denving 
a high profit nor are their production efficiency low It is the great handicap 
under which they work which makes the price of their goods higher than 
expected 

In the first instance the raw materials are to be brought from a very great 
distauco Railway freight naturally is very high—m some oases two to three 
times the pnee of the stuff itself Au mterestmg instance on this point might 
be cited hero. A few years back, the railway freight of bauxite to Howrah 
Station was double that at the jetty It was m the interest of Government to 
get a cheap export, so the freight by steamer bad been reduced to the lowest 
limit But to ask for suoh help in case of the poor Indian manufacturer will 
bring m the paraphernalia of Committee, Commission and similar dilatory 
tactics and ultimate shelvmg of the question itself. 

Secondly, wo find exorbitant freights charged on acids for their inland 
transport Due mainly to this reason, heavy chemical industnes are all 
situated near about big metropolis where the cost of labour and taxation 
are extremely high. Had such factories been distributed all over the country, 
consumers would have been saved the cost of transport which, again, is not a 
negligible factor of the pnoe of cheap domestic articles like alum, mag sulph, 
fern sulph., etc. In this connection we should consider another possible danger 
that IB lurking in the horison If Calcutta is subjected to an air raid amilay 
to that of London, all Indian industries will cease to function m a day. It is 
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high tune for the Government to think in this line and consider what steps 
should be taken to transfer some of the key industnes deeper into the country 
In qnte of the difficulties enumerated above, perhaps a time has come 
when we should look forward India has got huge deposits of bauxite, chro¬ 
mite, magnesitis pyroluBit<« and many other noh ores We have copper, 
iron, lead and other metals Our coal resource is not low What difficulties 
we have are all artificially created and can be brushed ofT with united efforts 
We should try to reduce as far as possible the free exports of the valuable 
ores If they are to be exported, they must go out as finished stuff It w 
high time tliat the manufacturers in the line put their heads together and 
devise means for it 

While wo find good strides have been made in the production of heavy 
chemicals after the last Great War, the problem of potash industry still 
remains unsolved India is entirely dependent for her supply of potash and 
soda on foreign imports though we have well-established industries for the 
salts of aluminium, xinc, copper, lead and iron Chromium industry also is 
rapidly being extended and there are m^veral firms seriously woiking with 
manganese compounds 

Before the outbreak of war, most of the potasmum salts were imported 
from Germany, Holland and France At present America has captured the 
market, though its jiotash resource is not a vitv big one Prices, therefore, 
have gone up enormously ns is evident from the following schedule — 


Items 

Pro war Pnoe 

Present Pnoe. 

PotASHiniti Carbonate 

Ra21 

per rwt 

Riieo 

per cwt 

„ Bicarbonate 

Ba20 

99 

f* 

R«80 


99 

„ Biobromate 

RaSS 

99 

99 

R«104 


99 

„ Forroryanido 

Ba6S 

99 

99 

Ra400 

.t 

99 

„ Sulphate 

Rb7 

99 

99 

Rais 

99 

99 

M Cyanide 

Its 1-4-0 

99 

lb 

Ite2<«0 

99 

lb 

„ Caustic 

Rs 27 

if 

owt. 

R«70 

99 

owt 


Even before the war, pnoos of potassium salts were comparatively higher 
A consideration of this fact prompt>ed the reduction of import duty from 
30 to 25% The plight of the consumers at the present market can, therefore, 
be easily imagined 

Wood ash was the only starting material for potassium salts, even up to 
the olosing years of the ximeteenth century Great forests of the U S A., Canada 
and Rnssia have dwindled, yielding its potassium throughout the whole 
world Gradually, however, the molasses from beet sugar has taken up its 
place, from which source France, Belgium and Holland produce a very large 
quantity of potassium compounds. In Gk^rmany, an additional source is 
utilised, that is the great StasGfnrt Deposit Though the residue loft after the 
famentation of this molass is rich m potassium salts, the preparation of 
potassimn carbonate from it entails a very lengthy process Th» composition 
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of the caloined stuff from molaes will give an idea of the extent of impurities 
to bo removed It oontams — 



1 

2 

3 

Potash 

51 72% 

47 67% 

50 38% 

Suda 


11 43„ 

«29 „ 

Limo 

5 04„ 

3 6 

3 12 „ 

Magnesia 


10,. 


Carbonic Aoid 

2K9 „ 

27 04,. 

28 7 „ 


The remamder consists of phosphono and silicic acids, ohionne, oxides of 
iron, etc , omountmg 10 to 20% Nor is the manufacture from pot chlondo 
of Stassfurt less elaborate, since the simple ammonia process is not suited for it 
If the countries mentioned above control the potassium market of the world, 
it IS only because of their initial start and the largo production they command 

Forest is a natural resource of India Excepting perhaps Bengal and 
Bihar, wood is used as fuel all throughout for domestic puriiosc^ Even factory 
power m tea-gardens and industry situated in the intenor of thc^ country is 
obtained from wood fire In Southern India groundnut miUs are run b} 
burning the husks Those ashes are fairly rich in potassium caibonate While 
it may be difficult, if not impossible, to gather the domestic wood ash, those 
from industrial centres are easily jirocurable Usually they are run to waste 
So a very small pnoe will suffice to attract them 

With the growth of the importance and consumption of power alcohol, 
fermentation mdustnes are coming more into the field Recent U P move 
for the compulsory utilisation of power alcohol has given a great impetus 
It IS, therefore, expected that the molasB-residue left after fermentation will 
attract greater attention for its utilisation Considering the cheap fuel- 
value, particularly in Bengal, this valuable by-product is worth evaporation 
and cafeination, whereby at least a good concentrated potass manure may be 
obtomed A sample of such a hquor on evaporation and calcination 3 neld A 
product differing from the foreign ash only m having a large percentage of 
^ulphates 

But potassium is found m a more oonoontrated form in the Punjab, the 
U*P and North Bihar as mtrate It appears on ground os an effloresoenoe 
which IB collected and sold as such by cultivators There ore purifying 
factories who produce an almost pure salt by simple crystallisation. 

Unfortunately we have no statistics at hand to show what amount of 
mtrate is annually produced But from our experience of Calcutta market, 
we know shipload of this mtre are exported every month to Java, China, 
Japan, Hongkong and Australia Naturally, there exist all fombties for 
chief transports to port and there being no restriction or duty, export is very 
easy It is not known what pnee the original substance bnngs to the 
cultivators; but after several transference of hands Calcutta price ranges from 
Rs 12 to Rb 13 per ewt for a variety of 99% purity. Price for lesser purity 
are much lower For instmioe, a 90% vanety can easily be bought at R8.10 
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per rwt Theue pncefl are all of the prc^nt market which before war was 
about 33 to 50% lower It ib the general improHHion that these exports are 
meant for manunal purpose Being a combined potOHSium and nitrogen 
source, perhaps it is true for consignments to Java and similar nane-produoing 
countries But considering the stress given by exporters on quality this 
explanation seems untenable An industrial utilisation can reasonably be 
suspected 

In this connection, one curious fact needs some comment When taxations 
are heavily levied directly and indirectly on already over-burdened rate-payers, 
it IS a mystery why such an important item like nitre may be allowed to bi' 
cxpoited free It may be argued that su(*h a duty may prove detrimental b> 
the increase in price and inlubit the existing busmosH But considi'rmg the 
fact that nitre market is never a fixed one and is subject more or less to the 
whim of middleman in Calcutta, an addition of 10 to 15% of export duty is 
hardly expected to be of any untoward effect Moreover this charge will 
either fall on the foreign purchaser or be borne by exporting houses Stoppage 
of the Norwegian and German synthetic soda nitre has greatly incTOasod the 
demand of Indian nitre Whole of this benefit is being enjoyed by middleman, 
actual producers remaining ignorant of it Money obtainc^d from this snui ce 
may be utilised for their benefit, foi the betterment of the (uiltivation as a 
whole, lik(» jute m Bengal 

Niti*e IS an excellent starting material for the preparation of all potassium 
salts Mixed with charcoal or half-dry molasses it burns well with a good 
heat officienc*y The ash Mt behind is almost pure carbonate An average^ 
composition is as follows — 


KjOOa 

96% 

^ii £003 

nil 

Unburnt carbon 

• 2% 

KNO* 

1% 

KNOa 

ml 

Sulphide and culioate 

trace 


This can be transformed mto caustic if mixed with lime, at the time of 
oombaBtion Diohromates and sulphates may be obtained by double decom¬ 
position with the respective sodium salts 

A very important factor for the commercial success of potassium industry 
18 the punty of potassium nitrate readily obtained in the market It requires 
practically no big installatum or plant to prepare potassium carbonate, caustic 
or sulphate Ferrooyamde and cyanides would require a revorbatory furnace. 
Oosts of production obtained from our experimental trials as shown below are 
not very high 
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Items. 

Potassium Carbonate 
Caufltio Potash 
Pntassiinn Sulphate 
,, Diohromato 


Pre*isar import 
costs 


lis 21 per rwt 
Hs 27 „ 

Its 7 «f 
Rs 3fl „ „ 


Manufisotuied costs based 
on pre-war nitre pnne 

Rs 20 per cwt 
Re 2fl „ „ 

Rs 7 „ „ 

Wfl have not yot oome 
to a definite Hfriire 


They oome very near to the wholesale import pnoo of the foreign materials 
With better ezpenence, these are expected to go lower down, and there is no 
reason why we should not be able to normally compete with the importer 
We have not yet arrived at any figure for ferrocyamdes and cyanidos, but since 
the raw materials for these are very cheap, there is no reason why their economit 
aspects should be less optimistic Yet, it must be clearly stated, it will be 
impossible to bring such an industry to a successful end witliout the helj) and 
active eo-operation of the Government It may bo noeessai^ to protect it })\ 
a Bpf^cial tanff till the stage of infancy is passed 



SCOPE FOR THE MANUFACTURE OF SULPHURIC ACTP ANT) 
HEAVY CHEMICALS BASET) ON IT IN HYDERABAD 


By M QirKESHi 

(Rmd ai Symposium^ Apr%l 19, 1941 ) 

'Wo may judgo with groat ac'curary tho oommorcial proHjM^ntv of a (*onntrv 
from the amount of Hulphuno aoid it eonsumes ' This js as much true to-day 
OH it was m 1S40, a century ago, when Liobig wrote this sentence Judged 
from this standard, India is very poor compared to other countries The 
world output of sulphuric ai^id in 1937 was about 10 million tons per annum 
of which Britain’s share was nearly 1 million tons India’s present output of 
this chemical can be roughly estimated at about 40,000 tons, or nearly one- 
twentyfifth of that of Croat Britain Tho total cnnsumption of this chc^mical 
in Indui 18 not very much differoni from this liguro, os the quantity imported 
from other ooiintnes (representing pure and analytical reagent qualities) does 
not oxcood 300 tons pot annum 

Sulphuric acid is the parent substance of modern chemical industry If 
IS tho starting point m tho manufactuie of many heavy (hemicals, such as 
hydioohlonc acid, nitnc acid, olnnimium sulphate, alum, ammonium sulphate, 
supeiphosphato of calcium, sodium sulphate, ferrous sulphate, etc , which are 
used in laigc quantities by other indiistneB It is no less essential to the 
manufacture of fine chemicals and dye-stuffs Many of the largest industries 
which are of vital importance to us in peace and war, such as the mannfaciure of 
fertUisers, explosives, dyes, metallurgy, petroleum-rofimng and electroplating— 
to mention only a few out of a long list—depend upon sulphnnc acid or othei 
chemicals prepared with the help of this acid As thc» acid itsidf is highh 
corrosive and is subject to hoavv freight charges, only a small portion of its 
immense output comes on the market A large portion is used by its manufac¬ 
turers in producing other heavy chemicals on the spot Big industnc^s, con¬ 
suming large quantities, make then own acid The growth of mdustry in 
India 18 , thus, intimately connected with the increase in the production of this 
important ohemioal SSach new industrial enterprise will demand more 
sidphurio acid, and vice versa an increase in sulphuric acid production will 
mean more industrial expansion It is, therefore, highly important that at 
this stage of our country’s industrial progress we should take a stock of our 
country’s resouroes with regard to the production of this vital necessity 

The raw matenals for the production of sulphuric acid that come into 
serious consideration ore brimstone or native sulphur and iron pyrites, although 
zincblende, nopper pyrites, galena, gypsum and sulphur dioxide produced m 
metallurgical processes have also been used to a limited extent in some 
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countries In India sulphuric acid has so far been manufactured mainly from 
native sulphur imported from Sicily, Japan and the United States of America 
The war has cut down supphes from Sicily and Japan and the Indian manufac¬ 
turer lias to rely on the American supply, for which he pays about Rs 130 
per ton at port, the pre-war price being about Rs 70 per ton It need not bo 
too much stresHed that, unless India possiwst^s extensive and cheap sourciNa of 
sulphur within hei own borders, she cannot hope to build up a chemical 
industry on an economical and permanent footing During recent years, 
search for sources of sulphur has led to the discovery of iron pyrites in two 
places, namely »Simla and Tandur collieries (Hyderabad-Dn ) The deposits 
near Simla, which are stated to be quite extensive, have been developed by 
Dr Kedai Nath of Dellu who holds a lease for the mines In Hyderabad, tlie 
pyrites occurs in thin layers, mterbedded m the coal seams at Tandur collieries 
The amount available at present is not more than 60 tons a month, but the 
quantity will mcrt>asc with the output of coal which, in turn, is bound to 
increase with the expansion of industries in the State Native sulphur has, so 
far, been found in Baluchistan and Simla Hills The Baluchistan deposits are 
perhaps too far away from the existing centres of sulphunc acid mdustry to b(^ 
of economic value to them at present, but, with the development of com¬ 
munications and the spirit of industrial entorpnse m the country, these deposits 
might prove a very useful asset m future The Simla deposits, on the other 
hand, can immediately serve as a source of economic supply to the sulphuric 
acid industry If these expectations are reahsed, India will be able to manufac¬ 
ture sulphuric acid and other heavy chemicals cheaply and in quantities 
sufficient to nu^et the demands of her growing industnes 

The development of industry and agriculture m HEH the Nizam's 
Dominions during thes last decode has led to an increasing demand for heavy 
chemicals, os tostifii'd by the' import figures for the lost fiVc years, given 
below — 


Import oj heavy ohetmedle tnto Hyderabad ^ 


Commodity 


Approxunato quantity m tons 



1936 

1937 

less 

1939 

1940 

Sulphurip ooid 

180 


77 

103 

103 

Hydroclilorio ooid 

121 


129 

186 

109 

Nitrio anid 

54 


40 

62 

89 

Alum 

Chemioal nuuiures (mnliidmg 
ammonia sulphate and 

41 


67 

146 

109 

superphosphate) 

300 


300 

1.200 

1,040 

Caustio soda 

116 


184 

212 

278 


The figures for other heavy ohenuoals bafied on sulphuric acid are not 
available separately, but Information gathered from Customs’ authorities and 
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industnal oonoems shows that the import of superphosphate of hme, 
ammomum sulphate, aluminium sulphate, magnesium sulphate, magnesium 
chloride, sodium sulpliate and ferrous sulphate into the State is steadily increas¬ 
ing, The establishment of cane sugar industry and development of agriculture 
and fruit cultivation have increased the demand for fertilisers The demand 
for heavy chemicals, already consumed in fairly large quantities by the existing 
textile industry, is bound to increase through the establishment of new industries 
such as the manufacture of paper, iron and steel industry and leather manufac¬ 
ture The paper mills are expected to begin work shortly, while the manufao- 
tore of iron and steel is receiving serious consideration The stage has, thus, 
b(H>n reached m the industnal progress of Hyderabad when the manufacture of 
sulphuric acid and heavy chemicals based on it could be economically and 
profitably taken up m the State For some time post, Messrs Vazir Sultan &. 
Sons, Hyderabad, have been preparing < ommercial sulphuric acid and nitric 
acid from imported brimstone by the chamber method But the scale of their 
operation is limited and no attempt has been made to prepare other heavy 
chemicals Taking into consideration the figures for the consumption of 
sulphuno acid and heavy chemicals based on it, in the State, it has been 
estimated that a chamber plant, producing 4 tons of sulphuric acid per da>, 
will meet the existing requirements of the State in these chemicals The cost 
of the whole plant for tlie manufacture of sulphuric acid and other heav\ 
chemicals, mentioned above, including a i^hamber plant with a maximum 
capacity of 6 tons, machinery and budding, is estimated roughly at Rs 6 lacs, 
and the working capital at about Bs I lac The mam source of sulphur 
dioxide in this plant will he the local pyrites, but some imported brimstone 
may also be used until such time as the output of the pyrites is enough to do 
without it The pyntes found m the State has been thoroughly tested and 
found to be of a good quality, with a high percentage of sulphur and no arsenic 
Its average chemical composition, along with that of the Simla p>Tites and the 
ores found in other parts of the world, is given below — 
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The proper burning of iron pyrites for the production of sulphuric acid 
presents a aenous difficulty For the burning of lumps, ordinary burners of 
fire-place type with cast iron grate bars and bnck walls are generally used If 
these burners are designed and worked proi>erly, the percentage of sulphur m 
the burnt pyrites should not exceed 1-2% The sulphuric acid faotor^^ of the 
Mining tc Chemical Industries Ltd, at Agra, is burning Simla p^nntes with 
some success, and it is expected that with a little more improvement in their 
burners, the percentage of sulphur in the burnt pyntos will be reduced still 
further For the burning of'fines* which are necoHsanly formed m the process 
of turning and transporting the ore, automatic rotary shelf burners with 
horizontal shelves and air-eooled racking arms are being used in America and 
either countries There is no reason whv burners of this type could not be 
designed and constnicted m this country 



THE PO'J'ASH INDUSTRY IN INDIA 


By H B Dunniclikf, Central Bevenues Control Laboraionjt Ntw Delh, and 
Mata Pbahad, Royal Inattiute of Science, Bombay 

(Read at Symposium^ April IV, 1941 ) 

PotaBBiuni Htvlifl arc widely dit:itiibuti)d m iiatuie and in India the ])oiimtiai 
Hources may be cloHSified om followH — 

1 (a) Lake bnncH 
( 6 ) Soa-watoj 

(t) Underground hiine^ 

(d) Swamp brines 

2 Saline earths or ofllou^ci noos giving poiassnnn niirute and lon 

taming also potassium (hloiide and sulpliate 

3 Salt mmoB such ob those at Khewra in the Salt Range and m Mandi 

State 

4 Other minerals such as aluiute (Kj^SO^) Ala(S 04 )a> 4 A 1 ( 0 H) 3 ), f^'htpai 

(KgO, Al^Os, 6 S 1 O 2 ), etc 

5 Flue gases and ooment kiln dust 

0 Ammal sources such as wool washings and sheep dung ash (kaiio 
ash) 

7 Vegetable souices, like molassis, bagasse, wood ashes and the ash 
of the watoi hyaemth which grows protusely in Bengal 

Of all thi»so sources of potassium only ( 1 ) and (2) appear to be ol com¬ 
mercial importaiico in India m present cireumstanccvs 

Mineral Soarces 

A number of deposits coiitaiimig iiotassiuni oinir in the Salt Range 
in Northern India, though the quantity of these salts associated with the 
rook salt deposits is smaller than would be expected The salts so far identihed 
are sylvino or potassium ohioride (KGl), langboinite (K 2 jS 04 , 2 MgS 04 ) and 
kainito (£C 1 , MgS 04 , 3HbO) 

Dr. Warth disooverod these deposits in the Mayo Halt Mine at Khewia 111 
1873 Dr W A. K Ghnstie in lus ‘Notes on the Salt Deposits of the Gis- 
Indus Range’ (Bee Oeol, Surv Ind, 1014, XLIV, 243) investigated the 
potaaamm-boaring sidts of tliis mine and found that seams varied up to 7}' thick 
and averaged 6*8 to 9*6% potassium oxide in four seams and 14 4% potassium 
oxide in the oase of a seam only about 2' thick Later, Dr Murray Stuart m 
his article 'The Potash Sdts of the Punjab Salt Range and Kohat* (Bee» 
Swv. Ind,, 1919t 28) reported on the saline deposits of Nnipur and 
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Worolia in the Salt Range and Kalabagh and Kohat m the trans-Indus region 
He oonoluded that no oontmuous bed of potassium salts had been proved in 
these areas and expressed the opinion that it was unlikely that these salts 
would prove workable except possibly as a by-product during the normal 
course of mining for rook salt In general, reports indicate that there are not 
workable quantities of salts at those places, but it has been suggested that 
these potential sources of potassium compounds should be re-mvestigated 

The other minerals <*ontain potassium in very small quantities and no 
suggestion has yet been made to work them for potassium compounds 

Flue Oases and Cement Kiln Dust 

In Bullotm No 42 of Indian ludustnos and Laboui, it is stated that 
lilast furnace dust contains potassium salts to a total content ot 40-45% 
and that this source of potash is worth investigatiun Furthei, it is claimed 
that, on account of the considerable amount of the iron ore smelted, it should 
be possible to produce potash from the flue dust at a steady rate which would 
go some way to meet the needs of agriculturists in India This bulletin also 
states that the Katm Cement & Industrial Go and the Jubbulpore Portland 
Cement Co could produce 1 ton of potash per day, but the cost of pioduction 
would bo heavy 

In most cases, potassium salts present in the ore volatilise off Whenever 
this does not happen, volatilisation is promoted by the addition of sodium 
chlonde to the charge In Bntam, either electrical precipitation by Cottrell’s 
method or a water spray process is used m the recovery of potash salts &om 
these sources In the cement kiln process, the gases leaving the kiln at 380’’ 
pass through a dust setthng chamber where the temperature falls to 230^ and 
thence to a spraying chamber The hquid from the spraymg chamber is 
hltered and evaporated to orystalliae out the potash salts The accumulation 
in the dust chamber is also leached with water and the solution similarly 
treated 

Anxmal Sources 


Smnt Wool washings contaimng wool fat or sumt are evaporated to 
dryness and igmted, potassium oarbonato being extracted from the residue by 
lixiviation with water The composition of the salt obtamed is as follows 



Potassium 

carbonate 

% 

Potassium 

sulphate 

% 

1 

Potassium 

chloride 

% 

Sodium 

carbonate 

% 

IiiBotable 

% 

l8t grade 1 

1 

99 0 

05 

20 

45 

004 

2nd grade i 

i 

87 0 

61 

4*0 

27 

0*07 
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Vegetable Sources 

(а) Molaaees —Iiive»tigatiouB on tho ictoveiy of ))otaHSiuin HaiiH tioin 
molasHos (5-15% K 2 O) arc boing conducted by Dr A V Varadaraja 
Iyengar at the Indian Inntitute of Science, Bangalore^ ProicHHui P Ray and 
Dr B K Mukherji at the UuiverHity College of Science, Calcutta, and 
Mr Walawakor, financed by the Department of the Soiontific and Industrial 
Bonearch Most of those methods oontemplato the use of a reagent which 
may form an insoluble salt with a potassium compound, capable of regenera¬ 
tion without appi ooiable loss when the insoluble salt is treated with an acid 

(б) Bagasse —^Tho ash of bagasse which is used as a fuel in many sugar 
factories is obtained as a glassy fused mass containing about 7 5 % of potassium 
oxide 

(c) Water Hyacinth —The ash of watc^r hyacinth (about K 2 O) is ti 
potential souice of potassium chloride, but tht^ enormous bulk of the niateiial 
and the difficulties of colleotiou, desiccation and combustion of thc^ dncnl 
material make the prospects of success in tins proci^ss doubtful 

(d) Woodt etc —Dr E J Russell writes of the c^omnieicial possibility of 
the production of potash salts fiom sucli fon^si pi od nets as wood, wchkI wastes 
hedge clippings and trimmings and saw-imll waste {Indian Trade Journ , 
Vol 39,1916) 

Wood 18 largely used 111 India as fuel and the i>iospec’ts of extraction of 
soluble potash salts from Indian village ashes have been considc^nnl by Mi J W 
Leather (Indmn Trade Joum , Vol 38,1915) 

Tlio percentage of potash present 111 Indian village ashes from various 
localities as recorded by him arc given below — 


Taulr 1 

Pokuth 0 / hidtan A»he*t 



Total 

Sulublo in Water 

IWiawar 

1 35 

0 21 

Lyallpur 

260 

1 16 

N,W Frcmtiop Province* 

3 26 

3U6 

Punjab 

2 95 

137 

UP, Oral 

Bombay, Manjri 

4 16 

2 49 

1 4 

Central ProvinoeH 

1 65-4 40 

016-2 53 

Madras, Beswada 

Bengal 

i » 

0 53 

6 7-3 44 

3 32-4 28 

Aaam, B^amrup 

10 67 

6 88 


Leather estimated that the cost of extraction would be about Rs 200 per 
ton of potash salts and donoluded that Indian village ashes can hardly hope to 
form a useful source of potash However, these records are very old and it 
might be worth while to investigate anew the problem of the reooveiy of 
potash from this souroe and from oement kiln dust. 
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The Demand jor Pidaeh Salts %n India 

Tho hulk of the potash Halts required for vanouH purposeH ib iinportud fxom 
ioreign countriea Table II uhowH tho import figures for tho yf>ars 1937*38 to 
1941*42 — 

Table 11 


ItnporUt oj Oompoundit %nlo British Itidm 




Quanlities m tunti 



1037*38 

1U3S 30 

1080-40 

1040*41 

1941 42 

1 Manures — 

(a) Munuto of potBsli 

2.028 

1,020 

2,110 

1,580 

loo 

(b) Other potosBic 

mauui*(»B 

1,004 

006 

1.04'5 

140 


11 ChemtoaU — 

PotOBsium uompoiiudH 

^2,822 

3,UH 

3.751 

2 317 

1 

1 7<»7 


XhoHo imports aiu piiuuipally for Bengal and Madras Prosidencios, probahlv 
for manunng toa, cofioo, ooooauut and rubber plantations 

Nowadays, very largo quantitios of potassium salts are required loi tho 
manufacture of such compounds as the dichromate, chlorate, hydioxide, etc 
It IS computed that 2,000 tons of potassium salts will be requii*od annually in 
the manufacture of dichromate alone in Bombay, Madras and Mysore 

Potassium chlorate is ui^ently demanded by the Indian match mdustnes 
111 lai^o amounts Investigations tor its manufacture undertaken at the 
Indian Institute ot Science, Bangalore have yielded successful results on a 
small scale The Board of Scientific and Industrial Reseaioh has recently 
sanctioned a grant for tho erection of a pilot plant for the manufacture ot 
potassium chlorate The produ(*tion of the niquired amount ot this salt would 
also need potassium chloiido to the extent of several hundred tons per annum 

ProdvcHov of Potash Saifs %n India 

The Houicc»s ot potassium salts manufactured in India at the present 
time are sea-water, certain subtorranoan bnnes and the saltpetre uidustry No 
potassium salts are made from Indian lake brmea but a few comments on 
this subject arc included to show that this theoretical source of potassium 
salts has not been overlooked 

Indian Lake Brines —In a note on the Louor Soda Deposit by W A. K 
Christie (JBec Oeol Surv India, 1912, XLI, 276), analyses are given showing 
the potash content of various products as ranging from 4^ to 1029% 
potassium oxide, though no mention is made of such notable potassium content 
in the note on Lonar Lake by E R, Gee (Bee. Oeol Surv Ind, 1935, LXX, 
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438), vhile, on page 284 of his article {tor cit ), Dr Ghnutic idakee some per¬ 
tinent comments on the low content of the potassium in the lake water No 
attempt has been made to recover potassium salts from this source Attention 
18 also invited to the note by Dr P K Qhoso {Bee Oeol 8urv Ind , 19:J4, 
LXVIll, 244) m which he gives analyses of leshta salt (wind salt) from Sambhar 
Lake (Rajputana Salt Sources) showing 7 5^-8 19% potassium oxide Thih 
18 somewhat canons, as recent analyses of reshta salt from that source 
have shown potassium to be absent and that the concentrated East Lake 
bitterns only contain 0 3-0 4% potassium ohloiide One of the most noticeable 
features of all the brines from Sambhar, Gudha, Nawa, Didwana and 
Pachbadia is the noghgible percentage of potassium salts present 

(1) 8m —Exhaustive investigations on the roeovorv of ^mtassium clUoJide 
on a lai ge scale from sea bitterns have lioen conducted by Messrs Tata Chomie als 
Ltd , at Mithapur in the Kann of Outoh under the diiection of Mr Kapil Ram 
V^akd, the Techmeal Director, and the scheme for their nianuiacture has been 
lompletod Production of potassium chloride has already commenced and 
the probable output will be 300-400 tons of 85-90% grade salt per annum 
The Qrax Salt Works recently floated at Karachi also propose to make potassium 
chloride 

In the salt factories of the Madras Presidency, the bitterns of the density 
between 29® and 33® B4 coutainmg 5 0% potassium chloride on the solid residue 
aie usually run to waste Attempts could also be made to obtain the quantity 
of potassium chloride available from this source and from Madras swamp 
brmoB The method for its recovery has been aheady worked out in the 
laboratory of the Indian Institute of Science, Bangalore 

Table III gives an idea of the amount of potassium ehloride per litre of 
bitterns recently determined in the bitterns from a numbei of places named in 
Madras Presidenoy showing a high percentage of the salt •— 


Tabi«e 111, 


8alt Factory 

Grams of 
potassium 
chlonda 
per litre 
ox bittenu 

8alt Fautoiy. 

Grams of 
potassium 
chloride 
per htre 
of bitterns 

Gaojun 

217 

Kriflhuapataiu 

16 9 

CovMong 

US 

Ohumagaojaan 


Ouddalore 

22*8 

BaladMTUvu 

28 0 

Mulopafea 

17 2 

Sevandakolam 

14-4 

Markanatn 

ie«8 




Two samples of salt oontamed— 

Sodium dilonde 91*0%, potassium ehloride 8 7%. 
Sodium ehloride 89*7%, potassium ohlonde 7*2% 


10 
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(2) Subsoil 5nn«—Attempts lisve been made since 1934 by the Pioneer 
Magnesia Works Ltd to manufacture potassium chlonde from the bitterns 
obtamod after the separation of salt from Kharaghoda bnne 

The problem of the recovery of potassium chloride was investigated by 
the late Mr G V Sulibhavi, working in the Royal Institute of Science 
for the Department of Industries, Bombay He Htudunl the (onditions of 
separation of oamallite from these bitterns and worki^d out a process for separa¬ 
tion similar to that used in making potassium chloride from Dead Sea bnne 
{vide*A Store House of Chemicals' by M A Novomeysky, 1936, Institutes of 
Chemical Engineers, London), two grades ol salt being obiauied, 60-65% 
potassium chloride and 80-*86% potassium chlonde About 15 tons of 80% 
potassium chlonde wore prepared by Mr Suhbhavi dunng the (mirse oi his 
expenments The Pioneer Magnesia Works Ltd have already commenced 
the manufacture of this important chemical and it is anticipated that about 
400 tons of potassium chlonde of this quality will bo available annually from 
this source 

(3) SaUpetre Manufacture and By-products —An important source of 
potassium salts m India is the natural occurrence of potassium nitrate in surface 
soils and efflorescences in many parts of the country 

The manufacture of saltpetre from this source is a verj^ old Indian industry 
and, before 1860, India was the only country which suppked saltpetre to the 
world markets 

Large quantities of the salt are found in the United Provmces, Bihai 
and the Punjab and smaller quantities in Kashmir, the Central Provinces, 
Bombay and Madras Presidencios and in Burma It occurs in the surface 
sod and can be scraped oflf from November to the commencement of monsoon 
The average saltpetre content of these deposits is 3-6% A full account of 
them 18 given by D Hooper {Agrtc Ledger, 1905, 12, 23), J W Leather, 
J N Mukherjee (Agr%c Res Inst Pusa BuU, 1911, 24), C M Hutchinson 
(%b%d , 1917, 68) and in*The Salt Industry in India’ by S C Aggarwal, 1937, 
Government of India Press 

Details of potassium nitrate manufacture will not be given in this paper 
but attention is drawn to the considerable quantities of potassium chlonde 
and, to a less degree, of potassium sulphate which may be obtained as a by¬ 
product of this industry 

When the crude saltpetre is received at the refinenes from the distnots, 
it 18 treated with water m a pan and the liquor is brought to the boil The 
liquor IS run off and leaves a residue which is called 'sitta’ and is taxable at 
Re 0-1*3 per maund. The analyses given below show that this substance has 
a very variable composition depending on the competence of the relSnery making 
it, but in all oases it contains a high percentage of potassium chlonde and 
sodium chlonde — 


lOB 



U. B VVmmOhLVr & mavi fbasab thb potash IBBUSTBY 1H ikbu 141 


Tabus IV 
Sitta 



% 

% 

% 

% 

Insoluble 

4 76 

16 34 

2 20 

2 16 

Oalonun sulphate 

1 62 

2 21 

1 10 

0 76 

Potassium sulphate 

12 16 



2 15 

Potassium nitrate 

12 13 

8 08 


5 06 

PotasHiiun ohlonde 

J7 30 

23 67 

18 0 

37 23 

Sodium iihlonde 

32 07 

43 06 

58 6i 

43 83 

Moisture 

1 

3 00 

2 83 

6 66 

Magnesium sulphate 


I 30 


1 88 

Sodium sulphate 


0 44 

17 10 


Soditmi ooi^onate 


0 07 


0 16 

Sodium bioarbonatc 


0 14 


0 23 


Whim potaKsium (hloride is w^paiatod from sitta, sodium ohloiidc also 
1 r\ stallisoH out and is called' roiinoty salt ’ and is taxable* at the rate of ten annas 
pel maund ‘Papn’ (analysis below) is a by-produet of this separation 


Table V 


Paprt 

% 

Moisture 

0 61 

Insoluble 

0 86 

Calcium sulphate 

0 61 

Potassium mtrste 

4 04 

Potassium ohlonde 

18 61 

Sodium ohlonde 

40 72 

Sodium sulphate 

26 63 

Sodium oarbonate 

0 16 

Sodium bioarbonute 

004 


The qualities ol potassuiiu i blonde obtained iii tins \mi,\ aio indicated b> 
the analyses lu Table VI It is uhihI iargel> as a manure 


Table VI 
Pota(iit*um OfUortde 



% 

% 

% 

% 

% 

Moisture 

1 76 

1 14 

2 50 

5 so 

2 18 

insoluble 

9 50 

1 8« 

2 40 

020 

0 24 

Sodium carbonate 

0 38 

0 28 




Sodium bicarbonate 

0 48 

019 




Oalemm sulphate ! 

6 52 

094 

2 28 



Magnesium sulpbate 

Potasnum sulphate 

168 

19 16 

2 09 

10 74 




Potaasium nlAtate 

0 67 

0 48 



* 

Potassium ohlonde 

49 08 

62 13 

68 26 

86 16 

08 64 

Sodium ohlonde 

11 19 

20 82 

32 76 

2 42 

3 28 

Sodium sulphate 

. 


0 48 

5 84 

0 46 
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The cdl-India figures aro not readily available, but the authors are indebted 
to the Collector, Central Exoises and Salt, North-Western India, for the 
following information relating to the West Central Division in whioh there were 
sixty-six saltpetre refinenes operating m the year 1040-41 They produced 
272,416 maunds of refined saltpetre containing 90% potassiuni nitrate, or 
bettor, and about 300,000 maunds of sitta, papri and potassuim chloride 
Excluding the third analysis of sitta, an inferior specimen, it is fair to say 
that the content of potassium chlonde does not average less than 33 % Hence, 
in the West Central Division of North-Western India alone, potassium chlonde 
in sitta is available to the extent of one lakh maunds or nearly 3,500 tons 
Considering the extent of the saltpotie industry in India, the figures for the 
whole country must be very much greater 

Even if thf» three sources mentioned abovi^ were fully exploited, the 
amount of the potassium cliloride pioduced would piobably not mt^et the total 
demand ot the eountry It is expedient, theiefoie, that attempts should 
be made to investigate the possibility of manufacturing potassium chloride 
from other Indian sources on an economic basis and it is hoped that those 
engaged on this important work will shortly be able to give India the benefit 
of their enquiries 



TECHNICAL PRODUCTION OF POTASSIUM PERMANGANATE AND 
THE EXTRACTION OF POTASH SALTS IN INDIA 

By Priyaoabanjan Riy, VniverttUy College of Sctenee, CalcvUa 

(Read at Syrnpoaiunig Apnl J9,1941 ) 

Tn thiH paper I would hko to diacuHR bnofly the poBHibility of proparuig, 
on a large Kcale% potaaHium permanganate, potassium carbonate and othei 
potaHHium Halts m India, in winch I have been mterestt^d for Home time To 
begin with, I sliould mention that the manufacture of potaHsiuni pennaiiganate 
has alreads been undei'taken by the Bengal Chemical Sc Pharmaceutical 
WorkH. Ltd , in Calcutta and their product w, I behove, already on the markt^t 
Bogording the manufacture of potaHsium permanganate it ib nowadays 
posHible, according to the latest method, to oxidise as much as 99% of MnOg 
of the pyroluKite to jiotassium manganate, winch is then c onverted by electro¬ 
lytic oxidation to permanganate All th(* noct'HHarv conditioiiH foi the Huccessful 
working of the procoRs have betui thoroughly woikod out hy the above, 
mentioned fiiiu and it can reaHOiiably be oxpci^terl that the manufacture of 
thiH chemical ih not likely to be affected hy fou^ign competition aftiM the war, 
provided, of course, Hupply of potash at a moderate cost is always niuni- 
tained Befoie the war practically the whole of our supply of potash used to 
come from G<*rmany Since then, however, India has had to depend for its 
potash supply on Japan and America If this supply is cut off, as it might 
in the near future, this nascent industiy will be seriously threatened As for 
the other raw matoual, pyrolusite, India is fortunateh independent of foreign 
supply It IS, therefore, high time to tap all possible sonrci^s of potassium 
compounds in India and ti> to develop methods for their extraction 

A fruitful source of potash salts is, as is well known, found iti this country 
in the naturally ocournng niti'e beds Potassium carbonate is now being 
prepared by several firms from this natural nitre and even exported m quantities 
to such a distant country like Australia The method adopted for the con¬ 
version of nitre into potassium carbonate cannot, however, bo considered 
economioal. as it destroys the valuable nitrogen Besides, even if the whole 
(rf the potash thus produced be consumed within the country, it can at most 
meet only a very small portion of our pressing demand. This makes it 
imperative to search for other available sources of potash in the country, I 
diall now discuss here some possible sources, which, in my opinion, offer 
promise of economic exploitation not only during the present war conditions, 
but also even after the end of the war against foreign competition I shall deal 
with these sources, one by one, according to their relative importance. 
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1 Potash from Molasses 

MolafimH from Indian oan^-sugai indnstry have been found to be ve^^ 
rich 111 potaHsmm salts An average fomposition of molaHses from Indian 
faetones, as analysed in our laboratory, is given by — 

Ash = 11 3-12 3, S 1 O 2 = 018, P 2 O 6 « 0 10, SOs = 1 30, Cl * 0 70, 
FejOa+AljOg = 0 OIS, CaO = 1 22, MgO * 0 28, KjO = 5 15, 
NaaO = 0 24, CO* (by diff ) = 2-3% 

This shows that about 50% of the ash consist of potaRHiuiu compounds, 
or from every ton of inolasHes at least one ewt of potosHiiitn salts t an bt^ 
recovered If the Incban factories remove most of the ci \ stallisablc sugar 
flora raolasses, or if this sugar is prevjonsU rc^moved by fermentation into 
alcohol, the n^sidue will be still more nch in potash salts 

We are at present investigating thc‘ <h onomic possibihtj ot extrac ting the 
potash from molassoH, which is likely to yicdd different kinds of potaHSium ^^alts 
such as carbonate, chlonde and sulphate The work is being subsidised 1>\ the 
Board of Scientific and Industrial Bosearch 

A method of extracting potassium salts direc^tly from molasses has also 
been suggested by a French worker, Caspar Y Arnal (Chim Ifid , 20, 1928, 
27, T 27) The procjess is worth a trial It consists in precipitating the 
potassium salts from molasses by calcium fmiocyamde in the form of calcium 
potassium ferrooyamde, 0 aK 2 [Fe(CN)e], whicli is then decomposed by feme 
sulphate when a solution of potassium 8uiphat>e containing some calcium 
sulphate is obtained, and the residues of Prussian blue is then treatc'd with him‘ 
for the recovery of calcium ferrooyamde 

Methods havc^ been suggested for the separation of potash from molasses 
in the form of potassium acud tartrate or potash alum Keither of them can 
lead to a complete separation of the potash salts from molasses nor to a com¬ 
plete recovery of the reagemt employed Those ore, therefore, of little technical 
significance 

2 Potash from Wool 8couT%ngs 

Another rich source of potash salts is furnished from washings of sheep’s 
wool The crude unwashed wool contains about 10% of potassium salts of 
steano, oleic and other orgamc fatty acids as well as a little chloride and 
sulphate If these washings are oolleoted, for instance, at KaaliTnir or even at 
the faotonoB at Cawnpore and then evaporated the residue can be easily 
treated for the preparation of potash salts Sheep’s grease can also be obtained 
as a by-product. Notable quantities of potash salts are obtained from this 
source m France, Belgium, Gbirmany and America 

3. Potash from Plant Ashes 

It 18 well known that ashes from land plants are rich in potassium salts 
and constituted one of the earliest sources of potash Of these, special mention 
may be made of tlie following — 
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Ash of plants Kj|0-content 

Sun-flower stem 36-37% 

Chrysanthemum tejietiun 24-26% 

Cotton husk 10-42% 

Ban ana stoni 46-64 % 

Banana skin 67-68% 

Bamboo shoots 32-33% 


Extraotion of potash from the last four sonro(w is well woith a tiial 


4 Po^oMtum SaUa from Sea^waier 

The mothor liquor from the separation of common salt also furnishes 
quite a rich source of potassium and magnesium salts The average KgO- 
oontent of sea*water is 0 04% About 18-40 gms of KCl per litre have been 
found in tiie mother liquor remauung after the separation of common salt 
from sea-water Potassium salts can be rei overed from this without much 
diffloulty either by stepwise or fractional crystallisation, or in a single step m 
a very puie form with the help of dipiorylamine 


6 PoUiaoium SaUa from Ftlapar 


Several methods have already been patented m Germany and the Uiuted 
States of Amenca foi the preparation of potassium salts from felspai, mica 
dust and other potassium-oontaimng silicate rooks, which may contain 10-16% 
of KjjO Tn some of these patents claims have been made foj a recovery of 
as much as 80-90% of potassium present in the sihcate rocks Neither time 
nor space will allow me to go into details of these processes, though many of 
them appear qiute attractive and promising with a prospect of giving rise to 
important by-products like cement and fertihser 

An intensive work along all those separate lines is likely to lead soonet 
or later to some important developments m the potash industry in this land 
Finally, it will not be out of place to quote here the annual imports of 
potassium compounds m our country and their total values These include 
bichromate, chlorate, oyamde, permanganate and other compounds 


Year 

1934- 36 

1935- 36 

1936- 37 .. 

1937- 38 .. 

1938- 39 ,. 


Quantity 

Value m rupetw 

47,637 <rwt 

13,06,428 

66,332 „ 

16,32,964 

49,072 „ 

11,38,980 

66,434 „ 

12,00,780 

42,360 „ 

11,08,646 




PHOSPHATE PERTILTSERS 


JSty N Jaya&ahan, The Indmn Ifiatitvie of Science, Bangalore 
(Read at Symposium, April 19,1941 ) 

Tho uHo of phospliatio matenala aa fertilisers was practised from a ver} 
early period As the practice is very old it is not possible to find out when and 
where it originated Thest^ materials, especially bone, fish and guano, were 
largely used without understanding the real significance in using such materials 
The increase in crop yield resulting from the use of such materials was attributed 
to various causes It was only after the discovery of phospliorus and phos¬ 
phoric acid that it was recognised that this effect was due to the phosphorus 
present in those mateiials From this stage onwards the use of phosphatic 
materials as fertilisers progressed rapidly and new methods were discovered 
to apply phospliorus to the soil in a form ui which it would be readily 
available for the plants 

Before proceeding furthei, it is necessary to give an idea of the function 
of phosphoric acid m plant nutrition Even though the amount of phosphorus 
finally retained by the plant is very small compared to the amoimt supplied, 
It greatly helps the plant in various othm ways While nitrogen promotes 
growth and delays matiuity, phosphorns promotes maturity It is closely 
related to the gram formation of the crop and almost always found in 
large proportions in th<^ reproductive paits of the plant It is generally 
considered to promote the rapid npemng of tho gram Further, its prosenco 
tends to increase the proportion of gram to straw It stimulates the early 
development of the young seedling to a very great extent Tho presence of 
large quantities of this element also hoops the soil in a vory good mechanical 
condition and thereby indirectly helps the root, system of the plant to develop 
vigorously 

The sources of phosphates are (i) bones, (u) mineral phosphate, and 
(lii) basic slag Even though bono and guano were used for the manufacture 
of superphosphate in earlier days, now superphosphate and other phosphate 
materials are mostly prepared from mineral phosphates At present bone is 
used either m the raw state as bone meal or as a manufactured product as 
steamed or degreased material So, hero it is proposed to deal mainly with 
the mineral phoeqidiates 

Phosphorus is one of the constituents of the lithosphere (earth’s crust) 
and there it occurs mainly as calcium phosphate This calcium phosphate 
can be olasfldfied under two main heads according to the nature of its origin 
They are (i) primary, and (ii) secondary Tho primary material ooours an 
the well orystAlliaed (hexagonal) mineral, apatit.e This mineral is of igneous 
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ongm Two vanetwB of apatite have been recognised and they are (i) fliior- 
apatite r!ag(P 04)8 CaF 2 , and (ii) ohlor-apatite r;as(P 04)2 CaCl 2 

The secondary matenal ocoutk as an amorphous product As it occurs 
in large deposits it is generally recogrused as' i ock phosphate' The deposits 
of tins rock phosphate can be classified roughly under three heads according 
to their mode of origin They are (i) residual, (u) replacement, and (iii) sedi¬ 
mentary" deposits The residual deposit is the on<^ which is derived fioin 
a deposit of phosphatu' limestone due to weathering and otbei denuding 
agencies Replacement deposits are brought about by the giadual conversion 
of limestone deposits bv the action of phospliate-bearing solutions Most of 
the Ocean Island deposits belong to this category They can be considered as 
muieralised guano deposits becausf* the phosphorus is principally derived from 
guano 

Sedimentary deposits are those which result from the gradual accumulation 
of phosphatic* material in sc^a bottom Theses later on get raised abovc^ sea 
level and ocxur interbedded with othei sedimentary rocks This rock is also 
considered to be of oigaiuc origin This type of sedimentary deposits contii- 
butes thc^ main bulk of the roc*k phosphate of commerce Workable deposits 
of phosphate rock have been found to occur throughout the world Some of 
the world-famous deposits oocur in America and North Africa (Algeria, Morocco 
and Tunisia) and in some of the Ocesan Islands The following table gives the 
approximate yearly world ptoduction and reserve of phosphate rock (An 
approximate average for the pc^riod 1930-35 is given m tons ) 


Tabui: I 


ClouninoH 

Produotion 

Heservo • 

Grade- 

average % of 
0aa(P04), 

TTnitod StateR 

4,000,000 

7,000.000,000 

66 

r Tunisia 

S.600,0(H) 

1,000,000,000 

63 

North Afi loa < Algon® 

1,000,000 

1.600,000.000 

63 

i-Norsn Arupa< jjoroiwo 

2,000,000 

1.600,000,000 

76 

Egypt 

360,000 

200,000,000 

60 

Nauru and Ocean IslandH 

700,000 

200,000,000 

83 

Huseia (both Euro])ean and 



below 

Asiatic) 


6,000,000,000 

50 

r Apatite 

300 

500,000 

85 

India < 8edtmoutar> rock phos- 




t photo 

nil 

6,600,000 

67 

Totac 

11,660,300 

17,40et000,000 



Many methods liave been suggested, patented and used to prepare soluble 
phosphates from these naturally occurring insoluble phosphates These can 


* Estimated from known dapotits. 
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be olaaBified as followH* (1) Amd treatment, (2) volatihaation, (3) decomposi¬ 
tion by some cheap reagents at high temperature, and (4) m a by-pioduet of 
steel industry (bamc slag) Of these the first one is the most important and 
universally employed The aoid omploycKl for tins proeess is Hulphun< acid 
Nearly 50% of the world’s production of this ac id is utilised for this puipose 
In the resulting product of acid treatment, known as superphosphate, most 
of the phosphorus is present in a water-soluble state as monocalciiim ])hos}>hatc 
If excess of sulphuric acid is added, ireephosplionc* acid is fniiiicMl Foi the 
preparation of a concentrated superphosphate (double Hupc*r) phosiihorif acid 
obtained bv treating rook phosphate with excess of sulphuric acid is uIiIikchI 
to treat fresh charges of phosphate rock Most of the 8upc'r])hos]>hatc* and 
other phosphate fertilisers consumed m India aie of foreign origin and art* 
prepared from rook phosphate The small amount that is produced in Indio 
IS from bone ash and bone char which arc the bv products of other industries 
Ni*xt in importance is thc^ volatilisation process b\ which the natural 
phosphate is heated strongly with some reducing agents and sihtu and the 
volatilised elemcuital phosphorus is again converted into phosplionc acid 
Only a small portion of the acid prepared b> this pioeess is ot prewnt utilised 
for the production of concentrated fertilisers EJveii though this process has 
not yet advanced very much, it can be safely predicted that it has vc^ry good 
future 

In addition to these methods a number of processes iiave been invented 
for decomposing the tncaloium phosphate in the natural phosphates by calcining 
them with various cheap ret^ents, such as sihca, etc The resulting matenals 
are similar to basic slag in thmr crqi-produoing powers A German product of 
this process, called Bhenama phosphate, is extensively produced and sold The 
available phosphate in this material is not present m a water-soluble state, 
but, as m basic slag, they are soluble in a 2% solution of oxtne acid The 
great advantage with this process is that it eliminates the use of sulphuric 
acid and helps us to utilise even very infenor grades of rock phosphate Thus 
the cost of the resulting matenal is reduced considerably 

Basic slag is obtained as a by«produot from the steel industry l"he 
phoaphoms present in this matenal is mainly denved from the iron ore used 
for producing pig iron and as such it could be considered as of mineral origin 
A general survey of foreign literature on the mineral phosphate deposits 
of the world reveab the complete absence of any reference to the occurrence 
of the phosphate deposits in India As the primary mdustry of India is 
agnoulture the very limited ocoucrenoe of pho^hatic rock in India should be 
very much regretted. At present even this limited stock is not being utilised 
The only ooouirenoe of phosphatic deposit on a sufficient scale is near 
Triohinopoly Here the phosphorus present as tnoalcium phosphate occurs 
in the form of nodules along with calcium carbonate and calcium fluonde 
These nodules occur in the cretaceous beds of the Pemmbalnr Taluq, Trichy 
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Dutriot. The quantity available is about 8,000,000 tons A similar deposit 
overlying the Deoban limestone occurs near Mussoone Apatite in massive 
and crystalline form occurs at vanous localities in India 

While India exports aunuaUy more than 80,000 tons of bone valued at 
Kb 90 lakhs, she imports finished phosphate feriihsers of the value of 15 lakhs 

As the Tnehy rock phosphat/o deposit is situated very close to the agricul¬ 
tural tracts of Tanjore and Tnchv Districts, it is highly essential that ways and 
means should be found for supplying phosphorus to those tracts from this 
deposit 

For the present scheme of work extensive investigations were carried out 
to find out whether it is possible to eliminate the impurities which stand in the 
way of using this material for the production of superphosphate After 
grinding the phosphatu rock, which occur os flinMike nodules, into fine powder 
(100 or 80 mesh) it was subjected to various mechanical treatments It was 
first tK'atod with an air-separator The heavy c'oncontrate showed an increase 
in its phosphorus content while m the tailings an enormous reduction in the 
phosphorus content and a substantial increase in the calcium carbonate content 
was noticed After this, concentration by Wilfiey Table was resorted to find 
out the conditions under which the maximum yield with a minimum loss could 
be obtained ExpennientH with samples of diflFeront particle aiizes (60, 80 and 
100 meslt) were tned and it was found that the sample having a particle siae 
lietween 80 and 100 mesh was the best suited for the purpose No doubt, 
concentration by Wilfiey Tabic results in some loss of material and this can be 
pi evented only with gremt difficulty By heating the material before putting 
it on the Wilfiey Table the process also works out well By this procedure the 
loss of material is c*onaiderably reduced Further, as the organic matter is 
also destroyed the rosultmg material shows a further increase in the phos- 
phoniH content But, one serious objection would be the large amount of fiiel 
«onsumed which naturally raises the cost of concentration This method can 
be adopted if the fuel is obtained cheap 

(The results of these exiienments arc given m Table III) The slight 
increase in the phosphoms content shown by the ignited specimen is probably 
lironght about by the loss of organic matter, combined water and COa* But 
even though the material i faulting from ignition sbows a slightly enhanced 
phosphorus content, still it could not be used for the production of acid phos¬ 
phate Because, the calcium, which was originally present as calcium carbonate, 
was Btill present as lime and so it would readily combine with sulphuric acid to 
form gypsum 

In Table II a complete analysis of an average sample of phosphatie nodule 
powder along with the onlculated mineral composition is given. 
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Tabi^iu If 


Oxideta Aud other oonutibueutH 


ConipuMd lun oi the phoHptiatic nodules 
pel cent 



l*hemual uompoHitiuii 

Moisture 

1 37 

Combinod waU«r and oruanic matter 

5 02 

SiO, 

A 08 


27 08 

CaO 

44 30 

FogOg 

2 53 

\l ,03 

2 Hi 

MgO 

0 *>« 

SrO 

1 75 

K,0 *) i 

'fllM ♦» 

Nb,0 s 



1 20 

fJOa 

5 04 

F 

2 05 


Mineral eouipoHitiou 


Gypsum f 25 

CaS 042 H 2 O 

('elwtitit 

818 O 4 J 10 


CaOOt 1-' 80 

(*aF2 ■> 45 


I'OTAXi 

Arseuic was absent 


no 40 


Table Ilf 

Hfi8ult8 of toncenimtwn of the nodtde ponder 


Gonstituonts 

! 

Nodule 

i 

Call uied at * I 
950T for 1 
7 hours 

('oncentrate f 
62 lb from 
100 lb 


la 

16 

2 

4 

Moisture (U0®C) 

1 27 

1 37 


0 72 

Oombmed HgO and orgamc 





matter 

5 02 

5U2 1 


0 61 

SiO, 

4 08 

4 98 

8 30 

4 70 

50 13 

12 80 

(U 30 

10 60 

«7 lU 

80 10 

1 00 

OaF. 

FegOg 

5 46 

6 30 


6 20 

2 63 

2 60 


1 00 

AlsOs 

2 83 

4 70 


2 30 

M%> 

s3o4 

0 06 

3 10 

0 42 

2 15 

”) 

0 14 

oelmaite. 




1 30 

0 aS 04 .SHa 0 

326 

2 02 

i 



N B —^Tho oelestite whioh lu recovered as a heavy concentrate can be 
oonindered as a valuable by-product 


* Calcination was dons with 10 lb samples for 7 hours at Q60*C Yield » 6 7 lb 
tVTilfley Table eeparatkm was oarried out with 100 lb of oaloined material Table 
tut» 5* and number of vibrations of the table per mmute » 120 Yield of oon- 
oentrate ■■ 62 lb 
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The calcukUed coat of the concentroiUd nodtde powder —The tost of the 
phosphatic nodule has not yet been fixed, but at present it can be had for 
Rs.l2 per ton at Tnohy or Bs 10 on the spot 

Cost of grinding 1 ton of the phosphatic nodule to 80 mesh 
or 100 mesh powder Ks 5 

Cost of oonoentrating 1 ton of the powdered ore by the 
Wilfloy Table before heating the material . „ 5 

Do. do after hoatmg the material . „ lU 

So the cost ot on(‘ ton of oonoentratod nodule powder at Truhy would be 
loughly Bs50 Thus it would work out to be much cheaper than bone ash 
which contains almost the same amount of Ca 3 (P 04 )£ It would be economic 
to use this material for the preparation of acid phosphate only when a cheap 
supply of sulphuric acid is available 

Owing to the ver^ high cost of sulphuric aoid prevailing at piesent it does 
not appear to be a profitable proposition to prepare superphosphate from the 
phosphatic nodule powder oven after it is well concentrated It will be success¬ 
ful only if the cost of sulphuric acid is reduced considerably, and this is not 
possible under the piesent circumstances in which sulphuric acid is bemg 
manufactured in India So experiments were conducted to study the various 
other processes by whicli a quick-acting phosphatic fertiliser could be produced 
without using sulphuric acid 

With the object of ehminating the use of sulphuric acid for the preparation 
ot quick-acting phosphate fertilisers from rook phosphates, numerous investi¬ 
gators have worked on the calcination processes m which the natural phosphate 
IB heated m a powdered condition with cheap reagents whicli could be obtained 
anywheie The resultmg material contains eithei the whole or part of the 
phosphorus present in the rock in a form which is roaddy available for plants. 
Almost all the piocesscs discovered so far are covered by patents and most of 
them are not being worked at present owing to the low cost of superphosphate 
available in those countnes in which the patent rights are being held. Further, 
it appears that these processes would wiH'k satisfactorily only so far as a definite 
type of phosphate rook is treated Because, the proportions of cheap reagents 
wl^oh are to be added to the phosphate rock depends entirely on the particular 
grade and composition of the phosphate rock 

For the present scheme of work some of the old processes were tried but 
they failed to give satisfactory results. So expenments were carried out using 
varying pToportions of some of the cheap reagents which are readily available 
in South India and a process has been worked out which has given satisfactory 
prelumnary re^ts 

For this process the phosphatic rock and the other uigrcdionts should be 
finely powdered and the powdwed material should completely pass through a 
100 mesh sieve 
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The Proce&B —dertain proportionn of the phosphatit. i ook powder, tolica 
(eand or quartz) or potaeh feldspar, gypsum and an iron-manganese ore were 
thoroughly mixed and this mixture was heated in a slow current of air (oxidising 
atmosphere) at a temperature range of 1,100®C to 1 , 200 “C for 46 minutes 
while it was kept constantly agitated to expose fresh surfaces The resulting 
sintered mass was oooled suddenly It was observed that it has formed vei> 
soft clinkers which oould bo easdy crushed into fine powdei This resulting 
material contained as high as 16 % citrate soluble P 2 O 5 (determinc^d by Wagner’s 
oitno acid method) while before ignition it held only 12 % citrate soluble PjOs 
Heating the phosphate rock with silica or potash feldspar and alumina 01 
magnesia, while it kf^t the resulting material in an excellent mechaniral 
('ondition, yielded a definitely lower quantity of < itrato Holnble p£ 06 —i e 11 % 
One v(»ry great advantage in using potash tiddspai instead of silica ik that 
most of the K 2 O in the feldspai is converted into a citrate soluble form ni 
which it is readily available for plants 


Tablv IV 

Ohemtcdl oompOBUion of vuriotui muredtenta used 
Per e$fU 



i PtiOa 

k . 






HnO 

K,0 


rOg 

CaflO. 

Phosphate roc k 

,3 5 

8 0 

26 

48 

1 

27 




5 7 


Silioa (quarts) 
Potash feldspar 

07 

6S4 

0 7 

l(iO 

J 1 

0 28 





L2 6 

27 



Alumma (bauxite) 

48 


1 45 









lilagnesia 

2 0 


trace 

1 21 

46 U 





40 2 


(magnesite) 

2 78 










91 

Gypsum 

Iron manganese 












ore (from Sandur) 

82 


49 7 




82 5 






The citrate soluble P 2 O 5 and KgO were determined by th<» Wagn<»r’s oitric 
acid method Prom the 2 % citric acid solution holding both the phosphonis 
and the potash the former was determimKl by precijutating it both by the 
molybdate method and by the magnesia mixture method The potash was 
determmed by the oobaltimtrite method after eliminating the phosphorus by 
precipitating it with magnesia mixture 

Large-Bcale expenmentB —Some large-scale exponments using 66 and 
30 lb samples were earned out in the Mysore Qlass and Enamel Factory 
(Bangalore) with the kind permission of the Manager of the factory The 
various samples were heated in the glass molting pots for a period of half an 
hour These expenments proved to be very successful in spite of the fa«t 
that the proper conditions of treatment oould not be kept up owing to the 
nature of the pot in whioh heating was earned out The heated mass oould not be 
agitated properly and a strictly oxidising atmosphere oould not be maintained. 
The temperature was also slightly lower than what is required for the complete 







154 


If JATABAMAK* PBOKrfiATB FBBllLIHJSBS 


(.ionvorsioii While oompleie conveiiaon results in the material beiiig turned 
into a ttoitf friable ohnkery mass, the Hamplen heated in the glass melting pots 
lomaiuiHl powdery Small portions of this material whioh were m contaut with 
the hottiwt part of the pot lor a longer jionod developed chnkers which in 
one experiment gave as high as 18 3% citrate soluble Ps 05 and 4% citiate 
soluble K 2 O The rest of the mass which was ui a powdery state gave only 
12% citrate soluble ^ 2^6 4% J^siO "The percentage of citrate soluble 

K 2 O was found to n^main constant even uudei conditions of a largo variation 
in temperature But at slightly higher tomporatures and on continued heating 
part oi the total K 2 O in the original sample is lost 

Thus those oxpeuinents show that if a miniature poitlaud coraout kiln is 
utilised for lutatiiig tins material undoi propoi conditions a better yield of 
available P 2 OS (ould be oblaiiied It is highly probable that a prodiit t quite 
as iicli in available P 2 O 5 as orduiary supciphosphate could bo obtained 
Furthci, the pnweate of about 4% of available K 20 » a very valuable plant food 
makes this prooess vety attractive The cost of this material would be also 
dofimtely less tiiau the ]K 9 ace*timo cost of superphosphate having 18% water 
soluble P 2 O 5 

Before concluding this aiticlo I would like to mention a word about the 
position of the phosphate feitilisoi trade 111 India Of course at present it is 
in a very unsatisfactory state Many of this phosphate fertilisers are being 
sold to fai mers by 1 cputablc firms without informing them as to the amount of 
available phosphates pre^^ent in their fertilisers Many compound and mixed 
fertilisers under various names an* being put m the market without giving 
any idea as to their composition The farmer is very much handicapped by 
HU( h a procedure and he does nut know which would be the most suitable for 
his laud and whether lie is recovering his money’s worth So it is highly 
necessaiy that strict Government contiol of this trade should bo exercised as 
uaily as possible to bring about satisfactoiy maiket oonditions 



ACETIC ACID 


M N Goswami, Dr -en*Ch , Deparimei/d of Applied Chemistry, 
Umvemty College of Science and Technology, Calrnita 

(Read at Symposium, April 19,1941 ) 

Tiu» important compound or its denirativos, organic and inorganic, arc 
oxtcnHivoly UHod in vanouH induHtnoH By itaclf it i8 widely used as solvent, 
in nitration operations, in the preparation of vinegar and pickles Enormous 
quantities are used m coal-tar coloui industries For indigo alone the 
annual consumption is about 3,000 tons It is the chief ingredient, besides 
its important dorivativu acetic anhydride, in the preparation of celluloses 
acetate—^tho basic material for tho preparation of acetate silk, toys, cine- 
matogiaphic and photographic films, cellophane paper and lacquer vainish It 
18 extensively used in the preparation of various esters uscsl in synthetic fruit 
essences and important synthetic perfumes Ethyl acetate and amyl acetate^ 
besides being used in flavouring agents, are well known as solvents Benzyl 
acetate, terpmyl acetate, geranyl acetate are indispensable in synthetic 
perfumer Both acetyl chloride and acetic anhydride, which are derived from 
acetic acid, are extensively used in organic operations The well-known drugs 
aspirin and antitebrm are derived from acetyl chloride and acetic acid 

Many metallic acetates are used as mordants for cloth dyeing, , 
alumimum acetate, iron acetate, chromium acetate, copper acetate Basic 
lead acetate is used in medicine Cupric acetates besides their uses as mordants 
give various grades of colour known as verdigris The well-known pigment 
white lead is denved from lead acetate 

The foregoing uses would indicate that acetic acid is a basic product for 
numerous ohemioal industries In fact, like its partner sulphunc acid in 
tho inorganic field, aoetic acid may be considered to give a definite pointer in 
consumption to the degm) of development of organic chemical industnes in a 
country India mainly imports finished goods, chemicals and drugs derived 
from acetic acid; her imports of acetic acid and vinegar in 1037-38 were worth 
Rs 1,74,000 (7,271 owt) and Bs 20,331 (18,429 gallons) rospectivoly Her 
production in the only wood distillation works of Bhadravati as calcium acetate 
is about 15-16 tons per year most of which is taken by ordnance factories 
where acetone is prepared from it 

There are tho following sources for the preparation of acetic acid — 

(a) Wood distillation 
(5) Aoetic fermentation of molasses 

(c) Oxidation of ethyl alcohol 

(d) Acetylene (from calcium carbide) 
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PyroligneouB acid» donvcd from wood distillation, has the following 
oomposition — 

7“ 10 % acetic amd 
1 - 2 % methyl alcohol 
0 1-0 6 % acetone 
Rest . water and other impurities 

This IB neutralised with hmo—^methyl alcohol and acetone distilled and 
the acetate solution is concentrated and then dnod whence grey acetate of 
lime iB obtained There are various methods of obtaining ac^etic acid, e g , 

( 1 ) Grey acetate of lime 70-76% acetic acid 

(2) Grey acetate of lime + sodium pyTO8ulphate-^90% acetic acid 

(3) Grey acetate of lime (80%) + acetic acid (60%)+92% H 2 SO 4 -► 

glacial acetic acid 

(4) Grey acetate of hme—►dil acetic acid (70-75%)->-Hodiiun 

, , Cone H,S 04 , , . 

acetate-=—=-► glacial acetic acid 

(5) Dll acetic acid (70-75%) glacial acetic acid 

Attempts are being made m Bhodravati and Bangaloro to prepare glacial 
acetic acid by various methods but the cost price seems to be too high (5-^ as 
a lb whereas Japan landed glacial acetic acid in Calcutta at 3 as a lb ) The 
production of acetic acid by acetic formentatmn of molasses is being attempted 
At Cawnpore From a very dilute acetic acid 4-5% (granting tliat other 
impurities are absent) Dr H D Sen claims to have obtamed glacial acetic 
acid by ontramment with ethyl acetate—a commodity not manufactured m 
India The experiments are, however, very interesting 

For the last two years in our laboratory w© have boon busy with the 
preparation of acetic acid by the oxidation of alcohol and by hydration of 
acetylene Wo have reached 80% yield by the former and 30% by the latter 
method For both these operations various new catalysts arc being tried with 
success Incidentally we have been able to hit upon some catalysts which act 
simultaneously as oxidation and estorifying agents Starting from ethyl 
alcohol and air, a good yield of ethyl acetate is obtaimMl We hope to develop 
this process m the near future These researches are being subsidised by the 
Bengal Chemical and Pharmaceutical Works, Ltd , Calcutta 
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THE IMPORTANCE OP SODIUM SILICATE SOLUTIONS AND 
THE POSSIBILITY OP THEIR MANUFACTURE FROM 
LOCALLY AVAILABLE RAW MATERIALS 

J3^ R C Ray and P B Gangitly, Sctence College^ Patim 

{Read at Symposium, April 19, 1941 ) 

Wat<ir glaHS m an important article of commerce It is gonerallv obtained 
as a 30 to 40% solution of sodium silicates having a sjjecific gravity ui 1 5 to 
1 8 Its earliest application was in the soap industry, wheie it was largely 
used as fillers It has also some detergent action of its own Soluble sili¬ 
cates aP(^ extensively used in industry in the manufacture of pajier, as adhe¬ 
sives m the manufacture of fibre coiitainerH and laminated wall board,^ in 
the textile industry, in the manufacture of vitreous enamels ^ and ceramu* 
glazes, in hardening concrete and for numerous othiT pin poses 

Apart from direct applications, the soluble sodium silicaU^ starves as the 
starting material for preparing a number of insoluble heavy metal silicates, 
which find applications in several technical processf^s Th(» addition of 
difieront salts to silicate solutions form precipitates in the wet way ^ The 
exact nature of these insoluble silicates is not clear, as there is reason to believe 
that colloidal silica is simultaneously formed along with the insoluble silicate ^ 
However, such piooipitated sihcates are useful for a number of techmeal pio- 
cesses A precipitated lead silicate is used os compounding material for 
rubber 6 The well-known sodium alumino-silioateB ujv the most effective 
base exchange materials and are extensively used for water softening Lately 
they ore being used for the disposal of sewage ® 

Sodium silicate solutions have some charaotenstic physical properties 
which make them smtable for certain industrial pui'poses It appears that 
the silicate solution preferentially wots a solid surface Because of this pro¬ 
perty silicate solution finds use in reclaiming oily cotton waste in aqueous 
solution it seta free the oily drops and the cotton waste is rendered fit for further 
use It IS because of this preferential wetting of solid surfacos that silicate 
Bcfiutions have been used to accelerate the much desired separation between 
sdid paraffin wax and hquid mmeral oil ^ Another characteristic of silicate 
sdutions is that they possess good ^reading properties A comparison 
of the spreading properties of industrial alkalies by observing their spreading 
on glass surface has shown that sodium meta-sihoate travels the farthest ^ 
Because of this behavioar sodium meta-silicate solutions are preferred for 
washing glass oontainors used for storing milk. It has been shown that 
even a very small residue of oily matter in a milk bottle is a fruitful medium 
for harbouring bacteria^ Sodium meta«8ilioatc solutions remove the last 
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traoefl of grease and their use is more offootive than that of caustic soda 
solutions of the same sodium oxide concentration 

Sodium silicates also act as inlubitors for certain chemical changes This 
property is generally associated with the nature and type of film formed 
from sodium silicate solutions Thus th(» addition of a small amount of 
sodium silicate at once stops the action of warm sodium carbonate solution 
on a piece of alumimum foil though in the absence of the sihcate the metal 
dissolves completely with the evolution of hydrogen The phenomenon 
IS specifically characteristic of silicate solutions, and is connected with the 
formation of a protective film Conn(K‘ted with this property is the use 
of silicate solutions in protecting aluminium tubes used for keeping alkalnu^ 
cosmetics At low concentrations silica protects from conosion pipe systems 
carrying potable and industrial waters Waste of oxygen durmg bleaching 
is prevented in peroxide baths by means of silicate solution In those ros- 
peetB the sihcate solutions act not by virtue of their alkalinity but on account 
of the action of sihoa and the nature of the film it forms 

Connected with their power of altering the intorfacial tensions is the use 
of sodium sihcate solutions as dispersion or defioooulatmg agents A suffi* 
ciontly stiff dough of clay can be made quite mobile by the addition of a 
small amount of silicate solution Advantage is taken of this propert> 
m setthng out foreign minerals from clay suspenBions and in freeing zinc 
ores from sihoious constituents The ceramic industry depends a groat 
deal on the supply of sodium silicates Ceramic wares are decorated with 
glaze in the composition of which the sihcate solution serves the double purpose 
of supplying its share of sodium oxide and sihea, and of keeping the other 
ingredients in position till the sintering temperature is reached A plenti¬ 
ful supply of sodium silicates will bring its use more extensively in vogue 
in the making of artificial stones for fioormg By forcing silicate solutions 
underground loose earth has been consohdatod to fit it for foundation There 
18 no doubt that if the proper conditions be worked out sodium silioatt^ solu¬ 
tions will be a valuable material for grouting structures damaged during earth¬ 
quakes Numerous other applications could bo cited, but what has been 
Htated in the foregoing paras, shows clearly that if a plentiful supply of sodium 
sihcate be available very important uses oould bo made of it 

Certain amounts of sodium silicates are manufactured m India Sodium 
siboates manufactured by the Imperial Chemical Industries (India), Ltd., 
samples of which were supplied to us by the factories from London, contain 
different proportions of sodium and silica varying from the composition of the 
meta-sihoate to that contaimng four moles of sihea per mole of sodium car¬ 
bonate The demand for sodium silicates is large in view of their extensive 
use in soap, paper, textile, and other mdustnes It was, therefore, considered 
worth while to mvestigate the posaibilitios of manufacturing sodium silicates 
from materials easily available in Bihar* 
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Commeroial sodium silicates can bo prepared mainly by two processes 
In the dry prooess siliclous sand is mixed with sodium carbonate and heated to 
1000-1100i“C for about 4-6 hours The molten mass is cooled to sohdify, 
powdered and extracted with water under pressure A reducing agent like 
carbon helps the process In the wet process alkaline lye is heated with 
mfusonal earths in an autoclave Extraction by sodium carbonate was 
attempted by this process* Infusorial eartifas were treated with a concentrated 
sodium carbonate solution m an autoclave undei 100 pounds pressure Only 
a fraction of the silicate had gone into solution Sodium carbonate cannot 
be an effective substitute for caustic alkali in this method The dry process is 
thus more suitable for adoption 

As a source of silica sandstone appears to be the best River sand is not 
suitable for the purpose The* sand from the bank of the Sone river contains 
too much iron and other impurities and when fused with sodium carbonate 
gives an insoluble glass Tlu^ Ganges sand near Patna contains too much 
aluminium and carbonatit Sandstone of a suitable quality and silica content 
IS available m Sahabad District, and in Manbhum 

As the source of sodium carbonate the utilisation of the large supply of 
alkali earth (Sajji) available in North Bihar is intended Extensive deposits 
are available in Biiiar and in many districts of the United Provinces The 
Umtod Provinces deposits were examined by Watson and Mukerji*® who have 
estimated that four million tons of alkali might be made available per year 
from this source 

The economic recovery of alkali from Sajji is a problem by itself Some 
work IS in progress in tins laboratory on the possibility of working the Sajji so 
that it might be an alternative source of sodium carbonate in addition to the 
soda ash The deposits available in Bihar have been analysed They contain 
about 4|% of soluble matter and about 2^% of sodium carbonate The 
easiest method of extraction is to collect the sodium carbonate as an ojfflorescent 
deposit from the surface of a moistened stack The question of developing 
the method into an organised indigenous process is well worth a careful 
examination 

Some prehnunary trials have given quite satisfactory results The 
question of a suitable furnace for the purpose is important as the economic 
production of the material depends pnmanly on the efficiency of the furnace 

Of the many commercially important substances that are obtained from 
sodium sihcates, silica gel and artificial zeohtes or permutites are of special 
mtorest The sihoa gel has been extensively used m Amenoa and England in 
the last decade and is finding more and more new applications every year. 
Its use in Indian mdustnes has been rather meagre In view, however, of its 
extensive and vaned apphoations, attempts were made to produce a sample 
of silioa gel in this laboratory, A specimen has been obtained which has 
prooticdly the same adsoi^tive capacities as the commercial products. 
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The silica gel of commerce is a hard glassy material, which looks like 
large grams of clear quartz sand These grams are full of fine capillary pores 
and because of their unique structure are extremely capillary active It has 
hvion estimated that one cubic inch of gel has an internal surface of over an 
acre Silica gels find use wherever a solid with a large adsorptive power is 
desired They ore used as dehydratmg agents whore largo quantities of gases 
have to be purified and dried as, for example, in the production of solid carbon 
dioxide In the control of humidity in air-conditioning plants, m refrigeration, 
in solvent rocoverv processes, in the refining of petroleum and as a earner 
for manv catalysts, Hilica gels find extensive applications A unique advantage 
attaching to the use of silica gel is the ease with which the activity of the 
gel IB rt'generated 

The gel can bo prepared from sodium silicate by noutrahsation by an acid 
Prepared m the ordinary way, the mass on drying crumbles to a light ojiaque 
powder, which has low adsorptive capacity By proper control of pH*® of 
the solutions after admixture and of concentrations a gel of the desired con¬ 
sistency could be obtained Tf dried under controlled conditions, it is obtained 
m the form of granular glass-liko transparent particles A sample of gel pre¬ 
pared m this laboratory was activated by drawing a current of carbon dioxide 
free dry air through the heated gel and its adsorptive power was studied by 
determining the quantity of sulphur dioxide adsorbed The amount of adsorp¬ 
tion compand quit<i favourably with the data given by Patrick and 
MoGavaok 

Another purpose for which sodium silicate solutions were used m this 
laboratory was m the preparation of a sample of permuiite Sodium permutite 
used to be prepared by fusion of a mixture of sodium carbonate, alumina and 
silica It IS now manufactured from sodium silicate and sodium aluminate 
and obtained m the form of coaise granules Apart from the use of permutites 
for the softening of drinking and mdustnal water, they can be used with great 
advantage to a problem of great interest to Indian sugar industry Till the 
manufacture of power alcohol from molasses develops to its full extent, a large 
quantity of molasses will still remain unworked The use of molasses for cattle 
food has often been suggested but the practical adoption of the method has not 
been possible so far because of the unsuitability of the untreated molasses 
for the purpose Molasses contain about 4 to 5 % potash Tf the potash could 
be removed the molasses would serve as cattle food without any injunous 
ofiects The potash could be recovered from the molasses by base exchange 
with sodium by running a solution over a layer of permutite 

It will thus be seen that on the practical side sodium silicate solutions 
open up a field vast m extent and fer^e m possibilities On the theoretical 
side also, its unsolved problems are numerous and fasomating The vonety 
and scope of enqiiinos in which soluble sdioates are concerned depend partly 
upon the range of properties inherent in the material and partly upon the 
diversity of industrial processes m which these charaotensti< s have found use 
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There seems reason to hope that the manufacture of sodium silicates will yield 
fruit from which Indian industries may derive some benefit 
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THE MANUFACTURE OF ANTIMONY METAL IN INDIA 

JSy D D KAELVi, Poona 

(Bead at St/mposwm, Aprtl 19^ 1941 ) 

Antimony motal iR ono of the mont impoitant Hocondary metalH and is 
iiHod in a largo numbor of valuable alloys Bofon^ the war most of tin 
roquirementH of this metal were mot by foreign eonntrios and the annual 
oonsumption was approximately 400-500 tons Owing to the mamifacturf 
ul war materiaiR m India, the need for the manufacture of this metal iii th<^ 
country began to bo felt Ricli ores of this metal are available in Chitral State 
on the bord('rs of India, about 200 miles fiom Pesha^^a^ and beton the war 
the ore was export<Kl to foreign countries, mostly to Germany The silling 
pru e in India of antimony mental was about Rs 600 per ton before th*^ wai, 
whil(^ it iR now nearly Rs 2,000 per ton 

Antimony, as is well known, is uhchI in the preparation of alloys like type- 
metal, hard lead, bearing alloy and special steels fot the manufacture of bullets 
It will, therefore, be realised that any country that wants to develop its 
metal mdustries, and espec lally the wai industry, must not bt> dojiendent on 
outside sources foi its supply of antimony 

Tho Star Metal Refinery of Bombay decided to take advantage of the 
oonditions product^ by the war and start the manufacture of antimony metal 
from tho Chitral ore, which is mainly ‘Stibmte*, the sulphide of antimony 
The factory is situated in the vicinity of Bombay and the cost of transport 
is neoessanly heavy Even up to tho rail-head in Peshawar the transport by 
mules and other animals is a very troublesome affair, while tho cost of rail 
transport from Peshawar to Bombay is not negligible 

The ore contains from 20 to 65% sulphide This is crushed and then 
submitted to the ‘liquating’ proc*ess, which consists of heating the same to 
about , when the antimony sulphide begins to fuse and to separate 

from the gangue or stone Pure antimony sulphide containing 71 5% of the 
metal is called * Crude ’ This process is carried out in the ‘ Liquating Furnace * 
Tho stone or gangue, remaining behind, still oontaius about 10 to 15 % antimony 
and is oallod ‘Residues’ These arc later treated in the ‘Roasting Furnace* 
for final recovery of all the antimony 

In order to recover the metal from the ‘Crude’, %e purified antimony 
sulphide, it is heated in the'Precipitating Furnace’ with iron scrap and soda 
ash. The iron oorobmes with the sulphur with the formation of iron sulphide 
and the antimony is liberated m the form o{ molten antimony and collects at 
the bottom of the furnace It is then tapped and cast into moulds This 
impure metal is called ‘singles' and has to be further refined or 'starred' (so 
called because the crystals of pure antimony have a star-like appearance). 
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This last operation is carried out in the ^Starring Furnace’ Here fluxes 
are added to remove the last impurities in the form of slag and the ingots 
obtained show the oharaotenstio star-like crystals on the surface 

The recovery of the antimony, still remaining in the’residues’ referred to 
above, is based on the fact that when antimony metal or ’ Crude’ is heated to 
about SOO^’C, it iH oxidised to antimony oxide, which appears like white 
smoko and can be condensed to a white powder The oxide can then be 
reduced to the metal by heating it with a suitable reducing agent in the reduction 
process 

The following scheme will make the process easily understandable — 




Ore of nut size 

1 

Liquating Fumaoe 

7 \ 

Crude Residues - 


Antimony Ore (Stibnite) 

I 

Onuhmg Plant 


I 

Precipitation Fumaoe 

Antimony (raw) Slag (discarded) 

1 

Starring Fumaoe ^- 

1 

Antimony (Star) Metal 


Fine ore and ore very low in Sb 


T 

-► Roasting Fumacp 

Antimony Oxide Slag 

1 

Redootion Fumaoe 

/\ 

• Axitfanany (»w) Slag 


It 18 expected that the annual Indian oonsun^tion of star antimony will 
go up to 1,000 to 1,600 tons and the faototy will be able to meet that demand 
It 18 to be hoped that, onoe this important ohemical indutfeiy is firmly 
eHtabluhed, it will make India independent of outride sources even after the 
abnormal conditions of the war have disappeared 

I have given the above sketch m the hope that the manufiaoture of other 
secondary metals may also be thought of as likriy objects of attack by the 
budding ohemical industry of India 



AMMONIUM CHLORIDE FROM PAZAWAS 


By H B DtrNKiOLiFF, CI E , 

Chief Chemtsi, Central Revenues^ Nev' Delhi 


(Read at Rymposium^ Apnl 19^ 1941 ) 


In Watt’n Dictionary of the Economic Products of India, 1889, p 219, it 
ifl stated that ammonium chlonde or ‘naushadar’ used to be manufactured 
by potters (kumhars) in Kangra (Punjab) from village refuse Apparently, 
the industry has died out there but, in certain of the tehsils in Patiala State 
and some villages in Kamal District and Saharanpur, ammonium chloride 
IS still being manufactured in the process of baking crude bricks in village 
kilns called ‘pazawas’ which are fired by means of village* I'cfusc^ This 
matenal la ooUeoted from time to time and stoned until the bnck-making Hoason 
starts towards the end of March 

The process, which differs materially from that described by Watt, is 
as follows.— 



DiAetlAMMATtC 


Pig 1 


The diagram represents a vortical section through the middle of the length 
of a paaawa except that, as dosenhod below, the vertically placed small bricks 
shown at (7, D, E, F and G are removed before a now section of the pazawa 
is added. 

At the end of the kiln and separated from it is erected a wall, A, about 
6' high At a distance of about 3' from this, a wall, B, is built m which has a 
hole or bridge, B, through which the kiln is first fired A layer of dry village 
refuse 2' thick is laid down and then two or thn^e layers of sun-dried clayey- 
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mud brickB lymg lengthwise and flat are supetimposed Upon this are laid 
alternately a layer of refuse, a layer of bricks and lastly a third layer of refuse, 
thf> whole being usually but not invariably plastered over with mud 

The pazawa is built on a mound at an angle of 25 to 30** with the hon 
zontal and is about 10' wide at the base or firing point and gradually widens 
out until, at the ‘froc’ and upper end, it is about 40-60' wide Ea(h suc- 
cesHively broadening section is about 7' long, the total length of the kiln after 
two or three months being 50-60' Thus, the plan of the pazawa is roughly 
that of a section of a sloping isosceles triangle about 10' at the lower end and 
40-60' at the upper extremity 

When the village refuse in the first section is fired, usuall> with the help 
of wood fuel in the first instance, it burns slowly and, aftt^r some time, am¬ 
monium chlonde dejioHits gradually on the layer of smaller damp bricks, C\ 
vertically placed at the end of the section at right angles to the general run 
of the bricks to be baked Sometimes the* brinks are moistemul during the 
process When the burning bos nearly reached the end of the 7' action as 
shown by the appearance of a white fume, the little bneks, which are now 
quite dry, are removed and scraped to remove the ammonium chloride con¬ 
taining deposit called ‘crude naushadar* which m mixed with more or less 
earth in the process This loaves the end ‘open*, though the fuel m the first 
section IS not entirely consumed 

Another section, about 7' long is then added on to the free end, widening 
out somewhat and finished ofiF by small vortical damp bneks as before When 
white fume again appears, the small bricks are removed as before and scraped, 
the final pazawa being as shown m the diagram, with the vertical bricks 
at 0, Z), Et etc removed 

After the fire in the stack has proceeded to the fourth or fifth stage, the 
hncks in the earlier sections can be removed progressively after cooling and 
sold The total process takes from two to three months 

The number of bricks manufactured m a pazawa varies between 60,000 
and 1,60,000 

The bneks should be made of ‘straight’ clay without the addition 
of sand and the potters say that the smaller the bneks the hotter the yield 
of naushadar (crude ammonium chloride) obtained Sometimes, large pieces 
of ammonium chlonde called ‘p&pn’ are formed 

Some potters put crude earthy naushadar into earthenware pots {vide 
figure, K) which are placed m the upper refuse layer during the slow combus-* 
tion By this moans, the ammonium chlonde is sublimed into a sun-dned 
clay receptacle This is ultimately broken to recover the product which 
18 coloured yellow 

If fuel other than village refuse, e g wood or coal, is used, ammomum 
chlonde is not formed at all, while it is found that the greater the proportion 
of cow and camel dung and matenal of that kind m the refuse, the better 
the yield of'naushadar*. 
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After tho burning, much yellowish ash remoinH which consists mainly of 
silica and aluminium silicates, with small amounts of iron, sodium and potas 
Slum silicates and traces of chlorides Its potash coiitont is equivalent to 
about4d%KsO 

Tho following gives an idea of the prices obtained for the various 
products (1941) — 

(1) Crude naushttdar is sold for from Rs 2 to Rs 5 per niaund dojK»mhng 

on tho relative amount of earth it contains (i;i-3U% NH 4 CI), 

(2) Crude crystals or ‘p&pn* (86-92% NH 4 CI) un sold at Rs 12 to 

Rs 16 a maund, 

(3) The yellowish product from K (91-96% NH 4 ('l) d<. seabed above 

which reoliHes about Rs 16 to Rs 20 per maund , 

(4) The ‘bells’ of wlutish salt (over 99% NH 4 d) described in (a) Inflow 

which fetch Rs 26 to Rs 28 pei maund, and 

( 6 ) Pure crystals (99 8 % NH 4 CI) obtained hy pioc(*bs {b) below which 
are sold at about Rs 35 per maund 

The above kinds of crude substanc^o aie treated broadly m two different 
ways — 

(a) By sublimation Tho crude matc 3 rial is heated in thm wallcjd \c^ssels 

made of dark colouied country glass about 18* in diameter and 
the ammonium chloride is sublimed uito * bells’ made of a similar 
quality thm glass The whole of the plant is smeared over with 
several layers of mud The process is similai to that described 
in Watt but the flask has no neck The sublimed ammomum 
chloride is recovered from the boll by smashing the glass 
when a thick shell of whitish ammonium chloride is obtained 
{vide Fig 1, JIf) 

(b) By hxiviation, sedimentation, crystallisation, contnfugahsation and 

BO on By this more modern process, a very pure product is 
obtained which soils at Rs 36 a maund, its purity being over 
99% NH 4 CI A demonstration factory maintained by tin* 
Punjab Government is in operation at Kaithal in the Earnal 
District to instruct villagers m punfymg their products 

It has been alleged that the ammomum chloride rises in tho clay from 
the dried ponds and elsewhere by capillary action and that, for this reason, 
suitable ola^^ is only available at certain times of the year So far, no speci¬ 
men of clay received has contained more than traces of ammonium cblonde 
and tho proportion of sodium chloride is very small The village rubbish, 
as reoeiv^, contains varying amounts of sodium ohlonde but no ammonium 
ohlonde, the production of this salt bemg apparently due to a complicated 
action which takes place during the slow combustion of the village refuse 
under the peculiar circumstances described 
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In the opuuon of the wnt^^ this is the souroo of all of the ammonnim 
chlonde produoed but the matter needs proper investigation both TPith the 
object of discovering if the process could be mare widely used as a village 
industry for the manufacture of ammomum chlonde independently of the brick 
industry, which even now is sometimes subordinate to it, and as an interesting 
problem dealing with the slow combustion of such material as village refuse 
of the type used in the pozawas 

It was pointed out that this sourc*e of NH 4 GI could not compete with 
that readily obtamed as a by-product m the ammoma soda process for making 
soda ash already established and in course of further development in India, 
but that, as a village industry, it was worthy of encouragement as serving a 
worthy purpose whore the refuse was not more urgently required as a manure 
At the meeting of the National Institute of Sciences held in Delhi on 
April 19th, 1941, at which the paper was read, a number of members took 
part in the discussion which followed, notably Sir S S Bhatnagar and 
Dr J L Sarin, Industrial Chemist, Punjab 

In preparing this note, I am indebted to Mr Kashmiri Lai Budhiraja, 
Chemist to the Patiala Qovemment, for much general information regarding 
the process and to Mr Manohar Lai, Assistant Chemical Examiner of the 
Central Bevenues Control Laboratory, for coUoctmg and analjrsing samples 
from working pazawas • 



MANUFACTURE OF FORMALDEHYDE FROM ETHYL ALCOHOL 


By T. Bhowmik and H K SsK, Ind%an Lac Research Insittuie, 
Namkum, Ranchi 

{Bead at Sympoaium, April 19,1941) 

Before the teohmcal production of synthetic* resins, the use of formaldehyde 
was restricted mainly to the preparation of synthetic organic medicinal 
omnpounds like hexamothylene-tetramine and of certain synthetic dyestuffs, 
for example, of the acridine senes But with the advent of phenol-formal¬ 
dehyde and urea-formaldehyde resins in large quantities in the market, 
formaldehyde has become one of the important heavy chemicals in modern 
ohemioal industries The starting point for formaldehyde manufacture is 
as yet methanol, but numerous mvestigations have been directed towards 
obtaining the same (formaldehyde) from other raw matenals as ethyl alcohol, 
giyoerme, glycol, methane, ooalgas, ethylene, carbon monoxide and hydrogen 
The use of gaseous catalysts and high frequency electric discharge has also 
been attempted as means of producing formaldehyde, but as yet these processes 
are in an experimental stage The importance of manufacturmg formaldehyde 
from sources other than methyl alcohol would be reabsed when one takes into 
consideration the unavailabibty as yet of cheap methanol in this country 
Wood spirit of high and suitable punty is manufactured by the Mysore Iron 
said Steel Works at Bhadravati, but its price on the spot is of the order of Rs 3-8-0 
per gallon Under best possible conditions, with Rs.3-8-0 per gallon of methyl 
alcohol, the cost of production of a pound of formakn would be about 7| annas 
at Bhadravati, whereas from synthetic methanol (at 8d to lid per gallon), 
the cost would not exceed 2 annas per pound As a matter of fact, formalin 
IS sold m America at 6 cents s 3 annas per pound, showing thereby that the 
actual cost of production is somewhat lower than 3 annas per pound The 
use of formalm m the manufacture of shellac moulding powders, which has 
assumed a stage of considerable importance, would require it to be produced 
at very much lower rates than 7| annas a pound, and hence a systematic 
study of processes for the manufacture of formalm &om other sources has 
been initiated at the labmatones of the Indian Lao Research Institute The 
presen^^mmumcation is only one of a senes to be pubbshed shortly, with 
ethyl oloc^ol as the starting material in the first instance, as the ktter is 
readily available throughout India. Under very good working conditionB, the 
cost ^ production of a gallon of 96% ethyl alcohol would be 5 annas, and 
the Bide price would not exceed 8 annas This figure of 8 annas per gallon 
of ethyl aloedud has been taken for the oidculation of cost of production (ff 
fonaaShi wltii Hib result that 1 lb, of formalin costs only 1| annas. 
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Tho convoraion of ebhyl alcohol into formaldehyde via acetaldehyde, though 
not unfamiliar, is as yet very little explored The experimental procedure 
followed at tho Indian Lao Research Institute was as below — 

The lay out of the laboratory appaiatus — 

A 600 0 c round bottomed flask (A) was provided with a triple boi*ed cork 
through tho holes of which are introduced a thermometer, a tube (*onveying 
compressed air and another leading in the vA])our of ethyl alcohol and air into 
tho reaction tube {B) containing a roll of copper gauKo of 40 mesh and 12 cm 
length The diameter of the roll was 16 mm which just fitted into the reaction 
glass tube The flask (A) containing 200 c c rectified spirit wtu; dippt^d m a 
water bath so heated that tho temperature shown by the thermometer was 
between 60®-56°C The compressed air was bubbled at a rate so that five 
volumes of air corresponded to one volume of ethyl alcohol vapour This 
was adjusted by previous calibration The copper gauze had m its core tho 
thermocouple junction (coppc^-constantan) the leads of which came out through 
that end of the reaction tube through which tho vapour-air mixture was 
introduced The other end of the reaction tube was connected with tho 
absorption system ((7, D, E) containing water as shown in tho Jigure A 
round bottomed flask and condenser set up between B and C serves as a catch 
for unoonvortod alcohol The exit gases which contained invariably some CO 
and H 2 together with a largo excess of nitrogen were led out into the air 
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Tho copper roll was at first heatod to 300®C and the alcohol vapour and air 
mixture was passed over it Tho heating was so regulated by a Bunsen burner 
or oleotncally that the temperature did not exceed 360®C With such a single 
system, 35 to 40 c 0 of ethyl alcohol could be passed hourly with a conversion 
into acetaldehyde of as high as 80% of the alcohol passed By more rapid 
passage, the percentage of alcohol converted into acetaldehyde decreased 
considerably, but the total quantity of aldehyde produced per hour oouH bo 
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substantially inoroasod For example, 106 c o of ethyl alcohol passed over the 
oopper catalyst in 60 mmutes gave 43 4 grams of acetaldehyde, corresponding 
to 54% conversion, whereas 44 c o of alcohol passed in the same period 
yielded 26 88 grams of acetaldehyde, corresponding to 80% conversion 
The contents of C, i), and the round bottomed flask are distilled up to OO^'O 
to separate the aldehyde, whilst the water of the scrubber, E, is returned to the 
preceding series The concontratc^d aldehyde is then passed through a similar 
system as described above, but the copper gauze is maintained at a 
temperature of 45O-^O0°C A mixture of formaldehyde and acetaldehyde is 
now obtained which can be separated hy fractionation To illustrate the 
process, 70 c c of alcohol gave rise to 34 gm of acetaldehyde, which finally 
on further oxidation gave 6 6 gm of formaldehyde and 14 2 gm of acetaldehyde 
together with a recovery of 21 2 c o of ethyl alcohol For the estimation of 
formaldehyde in the presence of acetaldehyde and t^thyl alcohol, the method pro¬ 
posed by Bomijin (Z Anal Ch , 38, 18,1897) was followed In brief, this method 
consists in estimating total aldehyde by the NaHSOa method and formaldehyde 
by KCN method It should be noted hen^ that the method lias not been 
found to be very accurate in our hands Calculating the yield figurcts on the 
basis of the above expenment, 6 76 lb of formalin (40% formaldehyde) are 
produced per gallon of ethyl alcohol Taking alcohol at 8 annas per gallon, 
the raw material cost for 6 76 lb of formalm is only 8 annas Assuming 
20 lb of steam for the fraotionation of 6 75 lb of formalin, the cost of thf» 
nooessary coal is only tliree pies when coal is taken at Bs 10 per ton Adding 
another 6 pies for depreciation, etc the c^ost of 6 75 lb of formalin works 
out at 8{ annas or 1 52 annas per lb of formalm, a figure attainable only from 
very cheap synthetio methanol 

As a oompMison, the cost of manufacture of formalin from wood spirit of 
Mysore Iron and Steel Works, Bhadravati, is detailed below — 

Bs as p 

One gallon of C P methyl alcohol 3 8 0 

Process chaiges moluding depreciation, mte^rest and over¬ 
head ohargos « 0 0 0 

Cost of 7 5 lb of formalin 3 8 0 

or, 7| annas per lb 

It would appear that formaldehyde from ethyl alcohol is very much 
cheaper^than that from wood spirit and is practically at the same level of 
costs as with synthetic methanol 

The separation of formaldehyde from acetaldehyde doubtless brings m 
oomplioations, but the low cost of ethyl alcohol would appear to justify the 
inlaroduotiQn of such a prooess m India, where the disposal of molasses remains 
as yet an unsolved problem 

12 
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The oommeroial produotton of formalin in this country would thus appear 
to be more economioal if produced from ethyl alcohol not only now when the 
only available source of methyl alcohol la from wood distillation, but even at 
a future date when S 3 ^thetic methanol might be manufactured in this country 
The reason for this is quite obvious when one considers the availability of 
molasses in very large quantities and at practically no cost in this country. 
As a matter of fact, the sugar factories with auxihary plants for the fermentation 
of molasses could very profitably be manufacturers of formalm, acetaldehyde, 
ether, acetic acid and ethyl acetate 



ON THE ELECTROMAGNETIC FIELD AND THE SELF-ENERGY 

OF MESON 

By S Gttfta, Departmera of Applied Mcdhemattes, Univeratty of Calcutta 
(Communicated by Prof N R Sen, D Sc , Ph D., F NI) 

(Bead October 5,1942 ) 

Abbtraot 

AsBuming Duffln Kemmer’a formulahon of moson theory thn charge distribution, 
the eleotromagiietio field and the aelf-energy of moHons with spins one and zero aro 
discussed The charge distribution is found to have a high order of singularity and ih 

extended over a finite region of the order of — The self energy is calculated by on 

fnc 

approximate mothod which le equivalent to the aeeoail order perturbation theory It ih 
found that the eelf-onergy coneists of four difierent parte which are due to the static 
Sold, the tranevorso electric Sold, the magnetic Sdd and the fiiread vibrattons under the 
aero-point Suotuations of the radiation Sold The seooad and the third parts arise from 
the spin, and so are aero for spinless meson In terms of the * out oS momentum' P, for 
a meson with spin one these two parts divei^ separately as P*, but cancel one another 
to this order resulting a quadratio divetgonoo The Srst and the last parts diverge 
quadratioally, and so adso the total self-energy for both the particles The transverse 
part of the self-energy is also calculated by second order perturbation oalaalation The 
results are compared, in every stage, with the oorieqiOBdiiig miee for an eleatron in the 
poeitron theory 

iNTBODUOnON 

The aelf-oaergy of the eleotron m Dirac’s positron theory was discussed 
by Weisskopf (1034) by a second order perturbation calculation This self- 
energy, as shown by him, diverges loganthmioally with infimtely small radius 
Later on by an approximate method, which is equivalent to the second order 
perturbation oaloulatiou and is open to the same objection as the perturbation 
theory, he (Weisskopf, 1030) separated this total result into different parts 
whose physioal causes are more clear than the total one According to his 
treatment the diffiarenji parts of the self-energy of an electron are—(i) the 
energy due to the longitudinal electric field (Ooulomb field), (u) the energy 
due to the transverse electric field arising from the oscillatory motion which 
produces the spm, (lit) the energy due to the magnetic field (also from the 
spin), and (iv) the energy of the forced vibrations due to the infiuenoe of the 
xero point finctuatlons of the radiation field. In terms of the ‘cut off momen¬ 
tum’ P, the first part diverges loganthmioally, the second, the third and the 
last parts separately diverge quadratioally, but oranpensate one another to a 
loganthnuo term In the same paper Weisdiopf applied a similar treatment 
to the Bose particle with spm lero, as has been developed by PauU-Weisskopf 
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(1934) In thm case the second and the third parts of the aelf-onergy, men¬ 
tioned above, do not appear at all as the particle has no spin, and the first 
and last parts diverge quadratically Following the method of Weisskopf> 
Biohtmyer (1940) worked out the same problem for a particle with spm one 
assuming the field theory as developed by Proca, Yukawa and others (Proca, 
1936, Kemmer, 1938, Frohch, ilintler and Kemmer, 1938, Bhabha, 1938; 
Yukawa, Sakata and Taketam, 1938, Kobayasi and Okayama, 1939) In 
this pat tide the first and the last parts also diverge quadratically, and the 
second and the third parts separately as , but the whole self-energy diverges 
quadratically 

Becoutly Duffiu (1938) and Kemmer (1939) developed the theories of 
particles with spms ono and zero from a single scheme They derived the 
equations of these particles in a form which is analogous to Dirac’s equation 
of electron This formulation of Duffiu and Kemmer, as shown by vanoiis 
authors (Booth and Wilson, 1940, Wilson, 1940, Christy and Kiisaka, 1941) 
whoso procedure of calculations is similar to that as applied to Dirac’s electron, 
can be used with more advantage in the problems of the interaction between 
meson and the electromagnetic field than the usual field theory It may, 
therefore, be of some interest to work out the problem of the self-onorgy of 
meson from the Duffin-Kemmer’s formalism following the method of Woisskopf. 
The advantage of using this formalism is that the results for particles with 
spms one and zero are obtained from a single scheme; moreover, as the method 
of calculations is somewhat similar to that as applied to Dirac’s electron, 
these results can be compared in every stage with the ooirospondmg results as 
obtained by Woisskopf for an electron in the positron theory 

In the first two articles all the necessary equations are given and the 
method of approximation, which is applied in the Duffin-Kemmer’s formalism, 
)s developed The charge distribution and the static field energy are calculated 
m the third article, and the olectromagnotio field produced by meson and the 
contribution to the self-energy by the spm are worked out m the fourth ono 
The part of the self-energy produced by the zero pomt fluctuations of the 
radiation field is obtained m the filth article By way of check the trwisverse 
self-energy is oaloulated in the last article directly by a second order perturba¬ 
tion calculation 

1 Equations of Mbsok Thboby 

Kemmer’s wave equation for meson in the presence of the electromagnetic 
field IS 

.<» 

where , jr, n tot, and the operat<H« ard hwmitian matnoe* obeying 
the Duffln’s oommutation rules 

.( 8 ) 
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For meson with spin one jS's are ten-row square znatrioes and for spinless meson 
they are five-row ones The current and oharge densities are given by 

where 

sr IJ 4 , 1^4 ns (4) 

The equation of supplementary condition is given by 

• (») 

with the help of which we can eliminate those components of ^ for which 
/340 IS zero and which are not directly quantised It is to be understood 
that repeated sufSxes mean summation, Greek suffixes run from 1 to 4 , and 
Latin from 1 to 8 

The Hamiltonian function (B & W, eqn 55) ^ is given by 
H « ^ i^divE 

+ 1 ( 1 B*+H*)]*. ( 6 ) 

This Hamiltonian is to be considered subject to the restrictions (5) and 

In the tea-componentB theory, for a given p, the equation of the fi«e 
meson has six linearly independent sdutions, viz 

•• • <’) 

for positively charged states with momentum P, and 

«* (p) e*p { lmt +1 (Pt)} . (8) 

for negatively charged states with momentum —p, where jt b 1, 2, 3 corre¬ 
spond to the three states of polansation which are taken to be transvenw and 
longitudinal to the direction of motion, while the five-components theory 
has two Imearly independent solutions given by (7) and ( 8 ), uid the polarisation 
IS longitudinal The equations satisfied by »'^(P) and tt~(P) are 

{ T-®(P)A+tc(IlP) (P) -»0 ■ . .. (9) 

with the equations of condition 

«*(P) - {I - ~ (P/i)} /9!«*(P). . . (10) 



1 Henceforth B & W refem to the paper of Booth and Wilson. 
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and satisfy the foDowing normalising and orthogonality relations 

mchilUimEB^, «* - Sh,! 

■* -hp “* *^*®r “ 0 j 

whore E = c(p*+»wM)^ 

Tlio wave function ^ of any system can bo expanded in wave functions 
of trm me-Hon as 

p * 

where a’s and &*h are ^-numbers and u*s are column matrices with e- 
number components As m the most of the problems wo shall have to take 
either the sum or the average over different polarisations of meson, we shall 
foi convenience drop the suffix Ic and the summation over it By the method 
of second quantisation it is well known that the operators o’s and ft’s satisfy 
the relations 

«*(PMP)«i^+(p), a(p)«*(p) « Ar+(P)+1.) 

//(p)ft(p) . JV-{P), 6(p)ft*(p) = Ar-(p)+1, ( ' • ^ 

where J^^+(p) and i\r"(P) give the number of positive and negative mesons in 
the state p 

2 Thb Msthod of Apfboximatiok 

The method, used here, is somewhat similar to that as used by Weiaskopf 
If the components of 0 for which ^ 84 ^ is zero are eliminated from ( 6 ) by 
( 6 ), then afti^r partial integration the Hamiltonian can be written in the 
foim 

(14) 

where 

B. - (»+»)]*■ 

. . (16) 

The terms eH' and e*J7* give the interaction energy between the matter and 
the field The operator B depends explicitly on e as shown In (14), where 
Bo, B' and B* are explicitly independent of e. If e is mereased by ie, the 
Hamiltonian acquires the additional tenn B*ie+2B''ede, and acoording to 
the perturbation theory the energy of the stationary state « of the Hamiltonian 
is increased by 


dlT'- (H'(e))^^de+2(H»)^^«de, 
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where (^'(e))^^^ and (jr'(e))^^, are the time avenge of H' and B’ 

rospeotively in the state « with the initial charge e Hence the total increase 
of energy when the charge is increased from sero to e is given by 

W’- f [(r(e))^^+2(H'(s))^^e]* (17) 

^ 0 

irhioii would, of coutbo, give the aelf*energy of meaon For approximation 
we expand H*(e) and ff^(e) as 

H'(e) ■«ft(|+6je+6j«*+ , 

H^{e) = Co+C|e+C8e*+ 

and from (17) we get 

+'’W.r+TW-.r+ 

Since the self-energy cannot depend on the sign of e, the ^oefiSoients of all 
the odd powers of e must be zero, and we have approximately 

• f (*’0^ § {^H'(*)+2s*H'(e)}^^ (18) 


Again if the unwanted components of ^ for which P 4 ff> a 0 are eliminated 
by (6) from the expression of oiirrent as given by (3), we get 


i-i,+ie 

(19) 

where 



(20) 


(21) 

Hence considering (16) and (16), (18) rednces to 



(22) 

In this expression we write 


A-Ao+A', 

(23) 


^dwre A' and is the fidd generated by the meson, and Ao is the potential 
for s a 0, that is of the cero point field Using Maxwell’s fidd equations 
through which 1 and p are oonneoted widi A' and we partidly diminate 
i and p firam (28). 7%en on partial mtegrations with respeot to space oo> 
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ordinates as well as with respect to time (which u justified sinoe the diagonal 
elements are the time average) we obtain 

We split the electric field B' into longitudinal part ftnd transvara© part 
®"tr former gives the static field energy 

Then 

where is the transverse self-energy and is given by 

*- S I J * (»» 

in the notation of Weisskopf i» tlio energy due to the z6ro point 

fluctuations of the radiation field 

8 Thb Ouabob DiamiBUTioN and Elbotrostatio Fibld Enbboy 
' OF Mbson 

The commutation rule (B & W, eqn 32) for components of ^ for vduoh 
p 4 fp IS not zero is given by 

{p,m} -mmi) {p^m] -8^8(r-r') . (2?) 

Q p p a 

Then following Heisenberg’s rule (1934), we replace the duurge density e»li*p 4 ,ifi 
by 

(28) 

With this the total charge m a volume F is given by 

jp{t)dt^e£[N*{9)-N'(9)} .. . (29) 

Thus the oiunoe of (28) avoids the total z«ro pomt charge m the vacuum of 
the meson theory, and this result is consistent with that given by Paub (1941). 
(28) may then bo considered as the effective charge density of a system of 
particles. 

Wo now construct a function 

■■ I p{tt)p(ti)dt . .. (80) 
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where p{t) ifl given by (28), and « r-f/2, ta = r+f/2 Tim function 
gives us information about the charge distribution in the neighbourhood of 
raoson In the language of the electron theory, the probability ^ of finding 
the charge simultaneously at two points in a distance f is given by (7(f) We 
substitute (12) in (.*10) and retain those terms which have the time average, 
tliat is, those terms which contribute to the expectation value /7(f) Then 
by (11) and (1.1) we obtain 

P P* 

'*) > {^ "(p'. ti)} 

+ (^'■(P)+1 )N~{v’) {^"(P, Is)) {^~(P', ri)*j94^"(P. ti)} 

+i\^+(p)JV-(p'){^+(p, Is)} {^“(P',*i)*i 84 ^ '(P. ti)} 

+ {N-{9)+1){N^{V’)+ 1) {^-(p, xt )} {^+{p', ri)*)94^"{P. ii) }]* 

. (31) 

where ^+(P) and ^"(p) are given by (7) and (8) respectively This expres¬ 
sion does not vanish for the vacuum when^ N^{p) = -W"{P) « 0 for all 
values of p, and we have 

^(i)v.o«e*22 f '»)> 'i)V4^“(p» »i) n * 

p p' ^ 

which IB infimto As we arc interested m the behaviour of a single meson 
only, we shall not moke further discustaon on the nature of this function m 
the present paper For definitenesH we shall consider the ease of positive 
meson in our subsequent disouBsion, but our final results will also be valid for 
negative meson Wo consider the single jMMitive meson at rest m the state 
p B 0 If we now put ^^+(0) »■ 1 and all other J/^+fPj^O) «■ jV“(p) ■» 0 
in (31), the vdLue of 0(()r%o+i ^ single positive meson at rest m the 

vacuum is obtained, and by snbtractmg from it the contribution of the vacuum 
9(0 tm wo ^ smgle positive meson only 

^(0 - 0(f)rM+I-S(«r« 

"T+** »t)»{^^(P. »l)*i84^''{0. Il)} 

+ {^+( 0 , r,)*^4^”(ft r*)}{^"(p. ri)*M*(0, iilH dr. 


1 The charge distnbution is ecsentlaUy a positive quantity in the non-relativutio 
S^irOdlnger theory as well as in the Dirac's relativistic electron theory and it oan be 
defined as the probability distribution In the relativistic theory of Boso particles the 
charge clensitMe are not positive definite, and seHous difficulties arise in this interpretation 
Ibr then the concept of negative probability ooroes m, Heoently Dirac (Bakerian Lecture, 
1942) has suggested some ways of modifying this interpretation* 
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Thje first term in this expression is to be omitted, because this term becomes 
zero for F « Hence by (7) and ( 8 ) 

0(0 - 2 f {«^(P)*j84«''(0)} 

P 

+ { «-^(0)*i84«-(p)} {«"(P)*/94«+(0) }] (32) 


For a moHon with spin onn (10x10 matrices) there are three diroctaons of 
polarisation over which the summation is to be taken in the state p This 
summation is performed by using the relations 

3 

< (p)«t (p)*-«r{»K(»)* 

k ^ \ 

Again we shall have to average over the directions of polarisation in the state 
p =s 0 For this purpose we sum over the three directions of polansation and 
divide by 3 This summation is to be performed by introducmg the annihila* 
tion operator (B & W, eqn 107), which is obtained from (9) and (10), 

2W) ^ «+(p)-jB4»+{p). I 

11 > ( 34 ) 

^ [5(p)^4+»nc*+- (p««] ^ M-{p)» 0 j 

On performing the above operations, (32) assumes the form 

5(fl - fjj) P* [l+(P«*](j^+( 84 ) (35) 

P 

For meson with spm zero (5x5 matnoes) ccdoulations are the same; the only 
difference from the particle with spm one is that the factor \ must be omitted 

The factor ^ arises because of the averaging over the three polarisatioiu; for 

spinlesB particles averaging is unnecessary smoe there is only one polansatum. 
Spur oaloulationa, the detail method of which is given by Booth and Wilson, 
are also somewhat different 

On ovalnatuig the spurs we obtam for both the partides (mesons with 
spins one and zero) at rest after replacing the sum over the states by an mtegral 
over the momenta of the states 
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which gives 


m 


_L i 1.(2 

n Snt ( d(\ 


ft* a* 

TO*c*af*- 




(37) 


wh<^re flj(2) 18 tho Hankel function of the first kind which has a logarithmic 
aingiilanty for 1 2 1 as () and decreasoH exponentially for 1 2 1 ^ 1 The ex¬ 
pression (37) vanes as * for f ^ — and falls off exponentially for f ^ , 

me * me 

and so shows a spread of charge over a finite region of the order of — In 

me 

tho case of the electron m tho positron theory, as shown by Weisskopf, G{() 
1 ft 

van<^ as -5 for f ^ — Hence in the meson theory the charge distnbution 
me ’ 

has a higher order singulanty than that in the positron theory This result 
IS quite consistent with what is to be expected for in the cose oi particles 
obeying Bose statistics the probability of two like particles being closer than 
their wave-lengths is larger than tliat at longer distances This higher order 
singularity in the charge distribution is much reflected on the oloctrostatu 
self-energy which will be shown presently 

The electrostatic energy W^t is given by (25) and can be written as 




where 0{() ib given by (36) On evaluating the integration over ( first, wo 
obtain, in terms of tho ‘out off momentum’ P which is the greatest value we 
allow for 2>, 


W. 




e* p j)*+2>w*<‘* 
Sv^XtnrJ ^*p*>/p*-|-m*r* 


- i£; to [pVfk„ m 

Putting pm a, where a is the ‘out off radius’, we have 


Thus the singularity of the order of ^ m 0(i) causes the quadratic divergence 

of TTit* whereas for an electron in the positron themy this divergence is 
lofpunthimo produced by the quadratio s i n gu l a n ty of 0(i) 
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The veetoi potentuvl A' of tlie eleetioniagnetie field prodiieed by mpHon is 
given by 


A'(r, t) 


J ir-r*! 


I r—r I 

whore <' = <-, and the current density i w f;rxven by (3) In the 

c 

order of approximation we are interested we consider 0 to be the solutions of 
the equations of froo meson Thou expanding tft according to (12) and 
considering (7) and (8) we obtain after some calculations 


A'(r, t) = 22 r {E(p)£;(p')“m»c*-c*(pp')}-^ 

P P ^ 

X [a*(p)o(p')tt+(p)*i;4j8M+(p')exp —^(E(p')—JS(P))< 


+6(P)6*(P')«-(P)^4i8M-(P') exp ^ (JS(P')-^(P))«}- {Je(P)JP(p')+tnM 


+c*(pp')}-' {a*(P)6*(p')w+(P)*i?4/^-(P')exp ^{E( 9 ’)+E( 9 ))t 

+6(p)o(p')«-(P)*i?4|8«+(P')®*P - g (^?(P')+^(P))<}J ®XP J(P'-P.r) (40) 

Henoo the magnetic Sold B' ih given by 

H' - rot A' - - 2 2 [{^(PW)-»»*c*-f*(pp'))-» 

P P ^ 

X [a*(P)o(p')«+(p)*ij4^,«+(p')exp — ^ (if(p')—^(P))< 


+6(P)fc*{P')«-(P)*i?4^.«-(P') exp J(i!(P')-JB{P))«}-{£(P)«(P')+»»M 


+c*(pp')}-^}o*(p)6*(p')«+(p)*i)4^,tt-(p') o*p ^ {E{v')+E( 9 ))t 
+6(p)o(p')tt-(P)*ij«^,«+(P') exp - j(W)+^(P))<|J 

X IP-P' I exp ^ (P'-P, r) (41) 

where fi ,) p—p' ( • [)!, P—P'], that is, fi, is the projection of fi perpendieular 
top—p' Agam the transverse part of the eleotnc field is given by 

.. 1 
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whwo A'j, 18 the tranaverae part of A' Then by (40) 

B' s, « V V r~ 

F Z/ Z, L^{p)i?(p') -mSr< -c*(pp') 

P P 

X [a*(P)a(P')M+(P)*i?8i5.tt+(p')oxp -i (W)-A’(p))/ 


— 6 (p) 6 *(p')«-(p)'*,j 4 ^,w*(p') exp ^ (£?(p') —i?(p))«| 


E(p')+E{p) 

E(p)E(v‘)+nfc*+c*{viP') 


X {a*(p)d*(p')«+(p)%( 8 .tf-(p') exp J(i?(P')+®(P))« 

- 6 (P)ffl{p')M-(p)*i; 4 jJ,M+(p') exp — ^(JS?(P')+&’(P))*}J exp ~ (p'—p,r) (42) 

It IS evident that div » 0 ih satiKhed, liim o (figy p'-^P) ^ 0 

Magneiir field energy —In order t<> evaluate the time average of the 
magnetic field energy 


we ahall have to Hubstitute (41), and retain only the diagonal elements In 
consequence of the ndations (Id) we have then 


2 2ll*[ {mE(p')-m»c*^rHpp ')}'* 

P P' 

X {JV+(p)(iv+(p')+i)(«+(P)*’?4/J.»''(P')} {«+(p')*A%»+(p)} 

+(iV-(p)+l)iV-(p'){«-(P)*ijA«-(P')} {n-iPTfi,n 4 U-(P)}} + {ElP)E{p') 
+mM+c«(pp')}-* {A^+(P)i^-(P'){»+(P)W.»-(P')} {»-(P')*A74»+(P)} 
+(2(^-(p)+l)(il^+(p')+l){«-(P)*«?4/9.«+(P')} {«-'(PrA74»-(P)}}] (4:J) 

If we now calculate U ^.g for vacuum by putting ^+(p) N-(p) *ss 0 for 

all p, we get an expreeaion which is highly divergent This highly divergent 
magnetic field energy (vac) is produced by the current fluctuations of 
the vacuum As we are mtorested only in the magnetic field energy of a 
single meson at rest (p b 0), we first oaloulato (fmax (^*<^+1) by putting 
N+(0) m 1, and all other 3f+(p ^ 0) ■ 2ir"(P) — 0, and subtract the con- 
tnbution (tf the vacuum V ^. g (vac) Then for a single positive meson at rest 

^aaa * ^ "“ K (v*® 4" 1) “ (vao) 

eetfi* ^ ,_|i r { u*(Q)*rnfi,u*(p )} {«'*^(P)*^»i>4«'^(0) I 

"2Fm«Z''' L {^(p)-f»c«}* 

{*(P)+m<S»)* J 
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Ebmmating by (10) the oomponents of for which jSiw* ■■ 0, we as before 
sum over the directions of polarisation in the state p and average over that 
of the state P » 0, and obtain for a meson with spin one 

P 

and for spinloss meson the factor ^ will be absent On evaluating the spurs 

o 

in both the oases, wo got ior a meson with spm zero 

(U) 

and for a mosou with spm one 

p tteVfi 7rr*A* 1 j* , p®+2m*c* 

® Wnfict Z E(v) ” 3^ 


« lim I —- +2 — — 5-5 - A ^08 - — - 

12 w L 4 4 ® me 


e^K 

I2n 




(46a) 

(466) 


which diverges as P* 


Tranamrse eketne fitid energy —On performing the calcalations as in the 
previous oases, the time average of the transvwse eleotrio field energy is 
given by (42) as 


we«»«r* V Y r {^(P')-if(P)}* 

L{*’(P)i?(P')-«M-c*{pp')}* 


}i»r'(p)(iv+(p')+i) 


X {«+(P)*»j4j8.«+(P')} {»+(p')*A’J«»'^(P)} 


+ (2)r-(p)+l)JV-(p') { a-(p)•,*^,tt-(p') M »-(pr^.i» 4 «-(p)}} 

{EW)’¥S{p))* 

{i;(p)^(p')+»»M+c»(pp'))* 


X {iv+(p)iy-(p')(«+(p)*ijA«-(p')} {«“(pmi»4*-^(p)} 

+(jy-(p)+1) (iy+(p')+i) {»-(p) w^p') }-{«+(p')*^^4«-(p)}}] 


( 46 ) 



AKD THB SBLr-aKXBaT Of MSSOK 


186 


When applied to a single positive meson at rest this gives 
^ei “ ^ei (vac) 


nem 

’2Vm‘r‘ 


{u*(0)*7,J,u+lP)} {u+(pr/t^tu*(0)} 

P ^ 

+{«+(0)W.«"(p) f {«~(p)*ftij4«'"(0)}J 


and we then get for a epuiless moBon 

17^-0. 

and for a meson with spin one 


TJ a ^ _ irp*S* 1 r j P* 

*’ "■ 3Fm»f* ~ (2i^« J Vp*+*»«rS 

_ ***< 1 3 1.. ^’+ V^+w*^* 1 

12ir L-2;iJM-i-i * J 

(48o) 


which divOTgoH also m 

Thus for a meson with spin one 


ta iim f />.f Vf«+m«r« ~j 

6v pijr. L ^ WMJ J 

s p's. [“(S’(S] +®^ 


(486) 


(49) 


but for a spinless meson this quantity is zero Hence W«p which diverges 
quadratioally, may be considered as a ooutnbntion to the self>energy of meson 
at rest due to spin only In the case of an electron in the positron theory 
both Va end diverge quadratioally, and so also Wtp 


5 Eniboy hub to tbb Fluotoatiokb or thb Badiatiom Fisto 
It has already been shown that 

1 ail 4*4 

where Ij and 4 given by (SJO) and (21) respectively. Then by (26) 

"■ *^uot 

a — g J (IiAq)^ J, dt— g J (ifAo)^,, dr (60) 
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where Ao ib the vootor potential of the zero-point radiation field In (21) 
I 2 iH proportional to so in order to got a result to the desired degree of 
approximation^ 0 in 4 can be replaced by unperturbed wave functions Hence 
mtroducmg (12) and retaining only the diagonal dcmenta, wo got 


- - 51 "A)* - J 

P 

(^~(P)+l)«~(P)*^(flAo)‘/^u-(p) j 

If WO now sum over the ducotiotiH of polarisation and toko the avorago, wo 
find for a luoson with spin one 




(P)+^"(P)+l 
. A’(P) ■ 


and for a spinleHt) meson 

11^2 sr J^*(PHJV-(p)+i 

"fluU 2 ^ 0/A I'^ ^(p) 

p 

Thus lor a positive moson at rest (p « 0), wo have in both the oases 




2mc* ^^oUr 


Wo write li as whoro 1° is oalonlated for free moson and i| is the 

oorroption obtained by first order perturbati<m theory Now if 

0o--r{a(P)^^(P)+6W(P)} . (62) 

p 


IS the wave function unperturbed by the field and is the oorreotion in the 
first order perturbation theory* 

01 - i: {«(P)0+(P)'+6*(P)0-(P)') . . (68) 

p 

then 



to a first approximation It is evident that the term (i^Ao) haa no diagonal 
elements because there is no phase relatum between and Aq Again if we 
substitute (52) and (53) m (54), and retain only the diagonid elementa we get 
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y L * » 

+ (P)'--^“(P) + 0011 ] 


Honoe for a Hinglu poBitivo moaon at rout (p = 0) 

j+/ 


a?^)' 


i' a i'(vac+l)-i'(vac) = - — g ^ - ' +Poni 


(56) 


4>*(9Y can bo calculated by the usual first order perturbation theory 
expanding the vector potential in a Fourier senes 


Ao - [-^i ***? ^ f(kr)+c|*M}+-4* ‘"xp {(kr)+c|l:|«}] 

h 

m 

If we take solutions for free meson in the form (7) and (8), we obtain 
for ^■‘^(p)' 


^+(P)' - *e 2 [«-"(Pr/^ {1 - (pW j(^*)«''(p) 

p" ^ 

J ^»xp ^ { iS(P') -i5(p) +c I * I }< *’*P ^ i -A?(P) -«• I <• 11 < ^ 

^ I A?(P')“^(P)+c|*| W)“A’(P)-r|j|-| 

exp - j {A’(p')+K(p) -r IX, I 

+.-(p'r« Si-^<p'«!(>fci«*(K{<«: — w)a!(p>-cui — 


exp - X { A’{P') +A^(P) I ^ I} ^ i n 

&’(p')+i!?(p)+ci*l r 

where k « ±(P'—P), + sign for the terms with A"^ and — sign for the terms 
with Replacing ^'*'(0)' in (65) by the oorrasponding expression as 

obtained from (66) we sum over the polansations in the intermediate states 
and average over those of the state P as 0, and obtain after some calculations 
«i 0 both for spins one and zero Hence oontnbutes nothing to the 

adf*energy. 

Finally from (50) and (51) wo get for a meson at rest with spin one or 
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wiueh x» thu samo an the corresponding oxpression for the Dirac electron aa 
given by Weisskopf and ho we can take hia rcNiilt 


W 




fluot 


bm 



(67) 


ThuH wo havo from (20), tor spinloHS moAon [Eqns (44), (47) and (57)] 


W 



n ac 



( 68 ) 


^maa ft** partulo ban no wpin, and for meaon with npin 

one [Eqas (45), (48) and (57) which agroo with the corresponding n^sulta as 
given by Rk htmyer] 




tr 


Ott 


e^K 

Ott 


to re(^)‘- fVf+»V» , 

L \mc/ ® mr -I 


(5») 


(60) 


wheie it should bo noticed that portions of and which diverge as 

cance^l one another Hence in both the cases the transverse pait as well 
as the statieal part of the self*on(»*gy diverge quadratically, so also the total 
self-onergy It will be shown m the next section that these transverse self- 
energies (*an bo obtained directly by a second order perturbation calculation 


6 Dikbot Oalculationh of Tbansvbrsb Self-bkeuoy by 
Sboonb ororr Perturbation 

The interaction terms m the Hamiltonian due to the transverse electro¬ 
magnetic field are given by (15) and (16) which can bo written m the forms 

{(p»HA/l)HAfi)(Jlfi)}fi!Hr (« 1 ) 

which IS linear in A, and where the first p operates backward on and the 
He(‘ond p operates forward on 0, and 

which!'«quadratic in A We expand A ae a Fooner eenee 
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where is a real unit vector jn the direction of polarisation of the Founer 
component k a y j, and 0 an 

p 

Now inserting these values oi 0 and A in (61) and (62), we obtain 

/>' p k 

XiS* {(P'/8)(ejP)}i^ {Cj8(p-p' +k) +r;S(p-p' -k)} 


X {«(P)«'^{P)+V(P)m“(P)) . 

and 


(65) 




2ne^h^ 

Ync 



X)9j(e*ff)(ej,/j)^J[<'V<^t,8(p-p'+k+k')+c\<7;^(p-p'+k-k') 

+r';Cj8(p-p'-k+k')+rjCp(p-p'-k-k')J{a(p)tt+(p)+6*(p)e,-(p)) 

( 66 ) 


It iH well known that the opeiators and b* respectively increase the number 
of positive and negative mesons by one, whereas a, h without astoiisk decrease 
the corresponding number of mesons by one The operator C* iniTeasos the 
number of photons by one, whereas C decreases it by one The interaction 
gives rise to various transitions involving one light quantum, hut givers 
rise to tramutions in which two light quanta are concerned 

The second approximation to the interaction energy is given by 

I 

where the summation is to bo token over all mtermediato states Wo consider 
the case of free positive meson at rest (p a 0) We assume tliat m the state 
n ffx which we compute the average enei^gy no light quanta are present We 
have tho following set of transitions to consider fr(»n (65) and (00) 

L Tho mason w'*'(0) is absorbed, and a light quantum k and the meson 
«'*’(—k) ore emitted. 


(68) 
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The light quantum k and the meson «'*'(—k) are then absorbed and the 
meson u'*'(0) is emitted 

2 The light quantum —k m emitted and a pair of mesons w'*‘(0) and 
w*(—k) are created 

^n» " ^ 7x (70) 

The light quantum — k im then abnorbed and a pair of mesons m^( 0) and 
«*(—k) are annihilated 

^ .. .. (71) 

2 The meson m^( 0) and the light quantum k are emitted, and simul¬ 
taneously the meson and tho light quantum k are absorbed 

^ “'"(0)XW^“''(0). .. . (72) 

The energy differences E,—Bi are given by 

« J?(0)-cfc-B(-k) - m^-ek^Ei-k), 
-^(0)-{2i?(0)+c4+^(-k)} - ~me*-d!:-^(-k) 

Prom equations (68-71), we then get 

tr. _ 2iw«»« 1 r^“'’("^*^<^)(>^)i^«"'(-k)}(t<+(-k)*/^(h^)(«p)^*+(0)} 

* Tii*c k\_ nuSt-dk-^Ei-k) 


_ {«‘^(0)*^(6|8)(l^)l8;«-(-k)}{«'(-k)*j8;(^)(9^)/^«+(0)} 

««!*+Cifc+U(—k) 

and from (72) 


]• 


. (73) 

.. (74) 


We now sum over tho polarisations of mason m the intermediate state 
—k and average over that of the initial state; then summing over both 
directions of polarisation of photon, we obtam from (73) for a s pinlowi meson 

Wi-0, 

and for a meson with spin one 


Wt- 


2we«»« 1 

Sm ‘fPF) 
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Again for Wt given by (74) if we arerage over the polansationa in the state 
p K 0, and sum over that of the photon, we get in both the oases 


me it 


Wo shall now have to sum over all light quanta and this summation can be 
replaced by an integration Henoe for a spinless meson 


4^em 1 r* fi*if fP\^ 

me (2ir»)«J i “ W' 


(76) 


and for a meson with spin one 


4nem 1 fdk 2nem 1 f dk 

me (2ir^)® J k 3«w; (2irft)* J 


DTT 


(76) 


Thus (76) IB m agreement with (68) and (76) with (59) It should be noticed 
that for a meson at rest the interacting term contributes only to that part 
of the self>energy which is produced by the zero-point fluctuations of the 
radiation fi.eld, while is responsible for the part which depends on the spm 
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STUDIES IN THE ISOQUINOUNE SERIES 


Past XT The iHrLUHNOB of ai.kyl- and ABYD-suBSTmrBNTs in the side 

CHAINS OF AOYL-/9, PHENYL ETHYL AMIDES ON THE OLOSUBE OF THE 
ISOQUmOLINB KINO 

B B Dby ani V S Bahahathan 
(Received November 6,1942 ) 

Two of the best known reactions by which isoquinohne denvatives may 
be prepared consist in the condensation of bases of the /i-phenyl ethyl amine 
type with either abphatic aldehydes in the presence of HCl or with esters 
or acid chlorides or acid anliydrides followed by treatment with such powerful 
dehydrating agents as phosphoryl chlonde or phosphorus pontoxide in 
boilmg toluene, xylene or tetralme, thus — 


CH, CH, 



In the former reaction studied by Pictet (1911), Decker and others (1913), 
tetrahydro-iBoquinolme denvativeB are obtained whilst the latter studied by 
Buohler and Napieralsky (1893) and known by their name, and modified later 
by Pictet (1909; 1910) and Decker (1909) loads to the formation of the 3 4, 
dihydro-uo<iamolines which may either be oxidised to the isoqumohnes or 
reduced to ^e tetrahydro'oompounds The syntheses of the natural alkakuds 
containing the isoquinoline ring haye gmieraUy been earned out by the 
BiBohler>Napiora]slty method and hence its importance 

Although this method has been employed extenaiyely m the field of 
isoqnmoline syntheses, a perusal of literature does not leyeal any systematio 
attempts having been made to study the influence oi different groups, such as 
me^yl, phenyl or bemyl in the side chain, on the ring elosure of the aoyl 
desivatives of a* and jS* anbetituted /S-phenyl ethyl ammes. As fisr as oan to 


VOL. a—No I. 
*4 


[PnUiihod IStb Juno, lOiS. 
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iwrortamed from literature, syntheeoH of the fdUoBnng isoqumolmes with alkyl 
or aryl suhstituenta in 3 and 4 positions in the pyndine nudeas, have hitiierto 
been carried out,— 

(a) 1 3, dimethyl-3 4, dihydro-isoqnmolme. [Hey, 1930] 

CHa 




INH 



\/ / 

CO 

I 

CHg 

(h) ] 4, dimethyl-3 4, dihydro-isoquinohne [Spath, 1930 ) 
CHj CHa 


/\^CHa 


CH 


\/ / 

CO 

I 

. CHa 


INH 


PgOt 

Tetraluie 


* i^yV- 

U> 


c 

rl 

CHa 


(f) 1, methyl-4, phonyl-1 4, diphenyl-and 1, methyl-3 4, diphenyl-isoqui- 
nolines [Krabbe, 1930, Krabbe et al, 1038 ] 

N-bonzoyl-amino-methyl diphenyl oarbinol, obtained from luppuni ester 
and phenyl magnesium bromide, was converted mto 1 4, diphenyl isoquino- 
hnc through the N-benzoyl diphenyl)-vinyl amme, thus — 

C,H, 

CO CO C 



X4B 
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The object of the present investigation has been to study the influence 
of both alkyl and aryl groups m the side chains of phenyl ethyl amines, on 
the facility or otherwise with which the acyl derivatives of the amines could 
he oyolised to the laoquinohnes 

The study has necessarily entailed the preparation, in the first stage, of 
a number of ae, and j3, substituted /3-phenyl ethyl amines, the substituents lieing 
methyl, phenyl and benzyl groups, of their aoot-, bonz-, and phenyl acet¬ 
amides in the second stage, and the eyclisation of these amides Anally to the 
correspondmg 3 4 dihydro isoquinolmes by one standard method, viz that 
of warming the amides in toluene solution with phosphoryl chloride The 
reactions involved are explained in the schemes given below — 



R 

I 

CH 

CO Toluene 

I 

R, 



-R, 


whpw R, Ri, tind R, “ Hi CH,, or 


The following sulwtituted /3, phenyl ethvi aminoe have hecn employed 
m the present investigations — 

A PP, diphonyl-othyl amine. 


CaHfi 

CsH, 




NH. 


B p, metliyl-/!, phenyl ethyl ammo 
OaHsv 
CH,/ 

C «, methyl*/!, phenyl ethyl anune 

CaHa-OH,-CH(CH,)-NH, 

D «, phenyl-jS, phenyl ethyl anune 

CaHg-CF,-CH(CaH,)-NH, 

E tt, bauyl*/S, phenyl ethyl anune 

CaHa-CH, 
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F «, phenyl-/!, 3 4 methylenedioxy-phenyl-ethyl amine 


All the ammes with the exooption of E (a, benzyl-/!, phenyl ethyl amine), 
were prepared by the well-known method of Hofmann mniij; the corteuponding 
acidH at* the starting material The steps employed in the preparation of the 
individual ammes (A, B, C, D, E, and F) mentioned above are explained in 
the following sohemes *— 

CsHsv 

A CaHj -CH = CH - COOH -f OeH* +A1C93-► -f!H,-COOH 

nsHfi/ 

SOds 

CaHfiv NH* C,Ha. | 

>r!H -CHs-rO-NHgt-XJH -OHa-CO Cl 

C«Hr,/ 1 C,Hb/ 


CsHsv i 


Hofmann’s reaction 

usmg hypoehlonte solution 


>CH-CH8-NH, 

[Vorlander d al, 1923 ] 

In the cases of the other ammes, the preparation up to the acid stage only 
is given, the steps from the aoid to the anune being tiie same. 

CeHjN. GgHax /OZn Br 


/CO-l-Br-CHj-COOCeHg-l-Zn— 


CH./ 


C-CH-COOCaHj 


Hydrolysis 

(KOH) 


or 

CHs^ ^CHjCOOCzHb 


dd HtSOg 


OeHg^^ /OH 
OH, sGOOCtHg 


CsHsv 4 Sodium Amidgam CsHgv 

yc - CH COOH-► VH-CH, COOH 

CHg'^ reduction CHg' 

(Lmdenbaum, 1917 ] 

CH,CH,COv 

CaH8CHO+ >O+0H,COONa 

CH8.CH,C0/ 

-*43,H5-CH - C(CH,)COOH 


[Edeleano, 1887 ] 


I Sodium Amalgmn 
GtH«-CH8-CH(CHs).COOH 
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D. 


CfH,.COv 

C#H 5 CHO+C#Hb CHj COONa+ >0-► 

CH#CO/ 

Sodium AmaJftam 

CflHg CH « C(C,H#) COOH-»> CH* CH C*HbCOOH 

[Oghaloro, 1878] 


E 


C,HbCH,COO 
CbHb CH*C00 



OaHsCH 

C,HoCH 



O 


1 Ammonium 
Formate 


CbHbCHjv hydrolysis OaHfiCHjv /NHCHO 

ym NH,«- ym^ 

CbHbCH,/ HCa CbHbCH,/ 


Dibonzyl ketone has been prepared by Apitzsoh (1904) and Young (1891) 
by the dry distillation of the calomm salt of phenyl acetic acid Kenner and 
Morton (1939) obtamed the same ketone by dry distillation of tiie lead salt 
The distillation of the lead salt iras preferred as its decomposition temperature 
was much lower than that of the calcium salt The ketone was converted to 
the amme by the method of Leuokart modified by Ingersoll ei ol, (1936) 


F yO/\cHO 




CJHjCOv 

+ CbHb CH* OOONa + >0 

CH,CO/ 


CH, 


CH-OOOH 

Cb’hb 

(Dey and Krishna Rao, 192S ] 


reduction 


T 

yO/\cm - c-cooH 




C,Hb 


The results obtained are given in the accompanying table The yields 
of the isoquinoUnes obtained by cyclismg under identical conditions the acyl 
derivatives of the unsubstituted fi, phoiyl ethyl amme have been adopts 
as the standards of reference for the oompanson and correlation of the resulte 
obtained with all the other substituted aminos The experimental oonditions 
were kept rigidly constant and the element of error tiirough aoddents was 
oarefiiUy eliminated by repeating the oyolisaticnis at least twice m each case 
until the results were strictly oonoorduit. 

The yields of the isoquinoUnes obtained by cyoUsing the acyl derivatives 
of a, methyl'|9, phenyl ethyl amine are found to be oomparativdy higher titan 
those of /}, methyl*^, phenyl ethyl amine thus showing that the metiiyl group 
m «, position faoihtates oyolisation to a greater extent than that in the fi, 
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position A glance at the table would show that the yield of 1 3, dimethyl- 
3 4-dihydro-i8oquinoline (48 per cent) and 1, benzyl-3, niethyl-3 4, 
dihydro-iBoquinohne (45 per cent) are higher than those of 1 4, dimothyl- 
dihydro-isoqninolmo (31 per cent) and 1, ben2yl-4, inethyl-3 4, dihydro- 
isoqumoline (38 per cent) The introduction of the phenyl group m 1, position 
is however found to reduce the yield of 3, methyl-dihydro-isoquinohne and to 
increase the yield of the 4, methyl-dihydro-isoquinoline The inference is 
obvious that the influence of the group in position 1, i e the acyl group in the 
amide cannot be ignored or neglected In one case the phenyl group in 1, 
position seems to be favourable for cyclisation whereas in the cither it appears 
to retard The phenyl group in position m the acyl derivatives of p, p, 
diphenvl ethyl amine has practically little or no influence on eyclisation Here 
again, ] 4 diphonyl-3 4, diliydro-isoquinoline stands as an exception A much 
higher yield of the isoquinoline was obtamed showing that the phenyl group 
m 1, position influences the reaction facihtating rmg closure A perusal of 
tlie table shows that none of the acyl derivatives of a, )S, diphenyl ethyl amine 
could be cyclised mdicating the probable retarding effect of the phenyl group 


No 

SubHtittientB in diftoreut pomtions i 
tRoqumolmes 

in 3 4, dihydro 

Yield in per rent 
of tfiat required 
by theory 

1 Position 1 

Position 3 

PoBitioii 4 

1 

1 Methyl 

Nil 

Nil 

22 (standard) 


Phonyl 

»* 

»* 

26 


Benzyl 


»* 

0 

2 

Metliyl 

Methyl 


48 


Phonyl 

*» 

*» 

35 


Benzyl 

•# 

»» 

45 

d 

Methyl 

Nil 

Methyl 

31 


Phenyl 

»» 

»» 

46 


Benzyl 



38 

4 

Methyl 

Phonyl 

Nil 

Nil 


Phenyl 


»* 

pp 


Benzyl 

ff 

PI 

IP 

5 

Methyl 

•* 

Phenyl 

28 


Phenyl 


If 

63 


Benzyl 


IP 

9 

U 

Methyl 

*0 • 7 (Methy. 

Nil 

60 



lene dioxy) 





phenyl 




Phonyl 


pp 

26 


Benzyl 

•» 

IP 

45 

7 

Methyl 

Benzyl 

pp 

38 


Phenyl 

•• 

>• 

n 


Benzyl 

ff 

’• 1 

22 
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Bitnated in the a, poAition It is interesting to note that the retarding efieot 
of the a, phenyl group would be overoome hy using the corresponding a, phenyl 
substituted homopiperonyl amine, the methyfene dioxy groui) m the latter 
activating the para hydrogen atom sufficiently strongly to cause cyclisatiou 
to take place in spite of the presence of the a, phenyl group Here again, 
when one compares the yields of the 3, phenyl isoqumolines obtained from the 
acet-a, phenyl homopiperonyl amide and benz-a, phenyl homopiperonyl 
amide, the same interesting observation is made that the methyl group in 1, 
position IS more helpful than the phenyl group in the same position This 
illustrates further the rule arrived at above that apart from the induenee of 
the various groups in 3 and 4 positions of the isoquinolme nng, the substi¬ 
tuents m position 1 also exert a more or less profound mfluonce on oyolisation 
The a, benzyl group in the acyl derivatives of «, benzyl-jS, phenyl ethyl amine 
facilitates cyclisation hut the influence of the group vanes according to the 
nature of the ao>l donvatives cyelised Acot-a, benzyl jS, phenyl ethyl amide 
gave the highest yield of the isoquinolme (38 per cent) and benz a, benzyl jl, 
phenyl ethyl amide gave the lowest yield (11 jier cent) Because of the 
difficulty of preparing )8, benzyl /J, phenyl ethyl amine, the influence of the 
benzyl group in tliat position could not be examined 


Experimental 


Section A 


SyrUheseft of 4, Phenyl‘3 4, Dihydrodsoquimhnp^ 


C®H5 

(if- 

I 


(R-CHa, CaHa, CHaCeHa) 


fi, p, DtpKenyl-Proptonie A<nd 


CeH,. 

CaH, 




COOH 


This was prepared by the action of benzene and aluminium chloride on 
dry oinnainie and (Vorlander ttal, 1923) aoooiding to the following equation — 
CaHa-CH » CH COOH+CaHa+AlCla 

CeHav 

-► >OH-CHtCOOH. 

0,Ha/ 


Ginnamio aoid (15 g.) waa dissolved in dry benzene (190 o o ) in a 500 o.o 
ronod bottom flask, cooled in loe and uibydrons alumnuum ohlonde (25 g ) 
added gradually Hie crystals of rmnamic acid whioh separated at first 
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dunng oooling gradually went into aolution The flaak waa fitted with a 
condenser and a CaC] 2 'tube and allowed to stand for forty-eight hours The 
flash was then disconnected, cooled in ice and ire water poured in little by 
little with vigorous shaking to decompose the aluminium ohlonde Concen¬ 
trated HCl was finally added till the solution became clear 'Hie contents of 
the flask were distilled in steam to remove the benzmie and the separating 
solid filtered hot and washed with hot water several times to remove the 
unreacted cinnamic acid The solid diphenyl propiomc acid remaming on 
the filter jiaper was powdered in a mortar and boiled up twice with about 
30 0 c of water and filtered hot each time by decantation 

The crude diphenyl propionic acid, practioidly free from cinnamic acid, 
melted at 148°-149° and weighed 12 5 g The hot aqueous filtrate deposited 
on coohng 6 6 g of nearly pure cinnamic acid (M P 130°) 

The diphenyl propionic acid crystallised from Ugrom in fine white needles 
meltmg at 152° It is quite insoluble m cold water, slightly in boiling water, 
sparingly m bgrom and easily m benzene, alcohol and glacial acetic acid 
P P, Dtphenyl-Proptonamtde 
CeHev 

>CHCH,CONH, 

CsH/ 

The dned acid (5 g) and thionyl ohlonde (7 o o.) wete nuzed in a 100 o c 
round bottomed flask which was then fitted witii a condenser carrying a OaClr 
tube and allowed to stand in the cold for 10 nunutes It was then wanned to 
80° on a water bath until no more HCl fumes could be seen and the excess of 
thionyl ohbnde removed under redncod pressure The residao of acid ohlonde 
was dissolved m 30 o c of dry benzene, cooled in loe and a stream of ammonia 
from the cybnder dned by a quicklime tower passed m till there was a strong 
smell of the gas The separated sohd was filtered after on hour and washed 
with water to remove the aramomum chloride The onide amide weighed 
4'2g 

It is spanngly soluble m cold benzene but dissolves readily in the hot 
solvent from which it crystallises in needles 3*8 g of the pure amide, M P 
125°, were obtamed. 

p p, Dtphenyl-Ethyl-Ainine 
OsHsv 

>CHCH,NH, 

c,h/ 

Levy and Qallis (1928) and Freund and Immerwahr (1890) have prepared 
the amme by the reduotion of diphenyl-aoetaldozime and diphenyl-aeeto- 
nitnle In the present mvestigation the method of ecmvemoin of the amide 
to the amine by Hofinann's method has been employed 

60 0.0 of a 10 per cent solution of sodium hydroxide was oooled weQ hi 
loe and chlorine generated from 1 7 g of potasnum permanganate passed 
into it 
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The amide (5 g ) was finely powdered and put into the hypochlorite solution 
which was shaken vigorously and warmed on a water bath at 50*’ When 
the amide had gone oomx>leteIy into solution the temperature was raised to 
70° and maintained there for two hours, cooled, 15 g of solid caustic potash 
added and the mixture again heated to 80° It was finally cooled, extracted 
twice with 30 c c of benzene and the benzene layer was shaken six times with 
dilute HCl The acid layer was separated hasified with sodium hydroxide, 
and extracted thrice with benzene, the benzene extract was dried ovei potas¬ 
sium carbonatt' and the benzene removed by distillation The diphenyl 
ethyl amine was obtained as a highly basic oil weighing 2 I g Tt formed 
a hvdrocldonde M P 255*‘266°, and a picrate, M P 212° 

Ac^~p Pt Dtphenyl-Ethyl Amtde 
CaH5v 

>CHCH8NHC0CH8 

CeHa^ 

The amine was rubbed with acetic anhydnde, tdl a famt smell of acetic 
anhydride persisted The sohd formed was treated with water and warmed 
to decompose the excess acetic anhydnde and filtered and washed with water 
It cxystallised irom dilute alcohol ui needles, M P 80° The yield is quanti¬ 
tative 


CeH, 


0^5 


CH 


0 


c: 


k 


1, MdhyUi, PAenyl-3 4, Dthydro-Iaoqutnehne 

Tho drj acetyl denvstivo (3 g ) was taken m a 60 c c 
flauk Toluene dned over sodium (10 c o.) and phosphoiyl 
cblonde (7 c o ) wore suooeasively added and tiio flask fitted 
with an air condenser oarrymg a Ca01,-tubo and heated on 
an oil bath at llOMZO” for two hours The contents were 
slowly poured on to omshed loe (60 g) with vigorous stirring 
and after standmg for on hour, the toluene layer was oatefiilly 
removed in a separating funnel and the aqueous layer 
extracted twice with 10 o o of benzene to remove non-basio impunties A 
small amount of a stioky resinous mass was left behind from which the clear 
aqueous layer was decanted off, strongly basified with alkali and extracted 
thrinw ^th ether (60 o o ), the ether layer dned over potassium carbonate and 
the ether distilled off 

An oil was pbtomed which weighed 0 $ g Yidd, 30 pw cent of the theory 

The picrate prepared by the usual method otystalhsed from aloifliol in 
thioh needles. M.F. lOOMTO”. 

•01232 g of the piorate gave 1 344 o o of Nitrogen at 31” Mid 766 mm 


Found N 

CisHisOrNs ) 

> requires N 
(C„Hx,N 0 ,H, 07 N,)) 


12 34 per cent 
12*44 per cent 
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CbHs 

CH 


/\/ 

tJH 

I 

CHa 


NH 


1 , MfihylAy Phenyl -], 2, 3 , 4, Tetra H^fdro-laoqvmoltne 

The (lihydro moquinolme (1 g) waft difSHolved in 15 e c 
of 4N siilphune acid in a Hmall flask, zinc dust (2 g ) added 
and the mixture heated on a wat('r hath for thre^e hours 
The solution was filtercni hot, the residue was washwi well 
with hoilmg water and the filtrate hasifiod strongly with 
laustic soda Extraction with ether, drying over potassium 
carbonate and removal of the ethei left the tetrahydio- 
isoqmnohne as a nearly colourless oil weighing 0 Cl g 
The henzoyl was prepared by shaking with benzoyl ehlondt and 

excess of alkali Tt crystallised from alcohol in needles, M P 107^' 
b 023!IH g gave I 038 c e of Nitrogen at 35'^ and 75b min 
Found N aa 4 6 per eent 
C 23 H 2 JON requires N = 4 3 per eent 


I'he hydrtichhnde was prepared rubbing with concentrated H(^l drying 
in tlie desiccator and irystalhsing fiom a mixture of alcohol and ethei 
M P 21G‘' 

0 1048 g of the hydrochlondo gave 0 0919 g of Ag(1 
Found Cl =s 13 79 per cent 
C 1 DH 17 N HOI requires Cl = 13 68 per cent 


Benz-fiPf Diphenyl Eihyl Amide 
CsHbv 

>CH CH 2 NH COCoHft 

CeHfi/ 

[Cf Lavy and Oaths, 1928 ] 

This was prepared m quantitative yield from the amine and benzoyl 
chloride by shakuig w^ith alkali It crystallised from alcohol in fine needles 

1,4^ DiphenyUi] 4^ Dthydro-Ieoqumohne 
A mixture of the benzamide (1 g ) dry toluene (Sec) and 
phosphoryl chlonde (3 e e ) was heated on on oil bath at 120° 
for two hours and the product worked in the same way as 
that mentioned in the cose of the 1 , methyUisoquinohne 
The diphenyl isoquinoline was obtained as a pale yellow 
sohd, the yield of the crude product liemg 0'6 g (53 per cent 
of theory) It crystallised from methyl alcohol in rhombs 
MP 124° 

0*1244 g gave 0*4078 g of carbon dioxide and 0 0676 g 
of water 

0*1167 g gave 5 1 e c of Nitrogen at 30° and 757 5 mm. 

Found * C tt 89 41, H » 6 04, N » 4 91 per cent 
C 2 jHi 7 N requires C »= 89*04, H ss 6 (Kl, N « 4 94 per cent 
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The p%ofaie prepared in the umial way. ery»talbHod from alcohol m thin 
needles 1«P 157° 

0 1078 g of the piorate gave 10 4 e c of Nitrogen at 33° and 702 mm 
Found N 5= 10 79 per cent 
Ot 7 H 2 o 07 N 4 requires N = 10 93 per cent 
The hydrochlonde was prepared by dissolving the isoquinohne in dry 
ether and bv passing dry H(>1 gas It was crj'stalhsed fiom ahohol-ethei 
niixtiiw M P 205° 

0 1280 g gave 0 0582 g of AgCl 

Found Cl = 11 26 per cent 
CjiHigNCl rt‘quires Cl as 11 21 per cent 
The weihodtde was prepared by heating the base with excess of ini^thyl 
iodide in a stoppered bottle at 100° and erystalhsing the solid pmluct from 
absolute alcohol Fine golden yellow needles M P 240° 

0 1126 g of the motlundide gave 0 0610 g of Agl 
Found I SB 29 21 per eent 
C 22 H£oN] requires I s= 29*86 per cent 

Phenyl Acef-fipt Diphenyl Ethyl Amide 

CgHgv 

>(m CHs NH CO CHg CflHn 
CeH/ 

The amine (2 2) was suspended in 10 per eent caustic soda (10 cc) 
cooled ui loe and freshly prepared phenyl acetyl chloride (3 g ) added drop by 
drop with good stirring The amide began to separate almost immediately 
as a white solid Tt was filtered, washed with water and eiystallistnl from hot 
rectified spint Yield, 28 g MP 113° 

0 1873 g gave 7 8 c o, of Nitrogen at 33° and 769 mm 
Found N as 4 64 per cent 
C 22 H 2 XON requires N » 4 44 per cent 

I, Benzyl-if Phenyl-^ 4, Dthydro-Jaogpiinohne 

The amide (1 g) was mixed with dry toluene (6 c c) 
and phosphory] chloride (3 co.) in a flask heated to 110° 
for two hours and the product woiked up in the usual way 
The isoquinohne was obtained as an oil The yield 

wafi poor (0 08 g, 1 o 9 per cent of theory) This was 

converted into ptcrate which crystallised from alcohol m fine 
rhombic needles M P 203° 

0*0686 g gave 6 7 0 0 of Nitrogen at 32° and 760 mm. 

Found N as 10*89 per cent 

,,, N« 10-64per cent 

(0mHi9NC#H,N8O7)J ^ 
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Section B 

SyrUheata of 1, mibatttuU’d 4, -Methyl 3 4, Dthydro-Itoguvnohnes 



(R = CH,. OeHs, oi CeHs CH* ) 


^/S, Phenyl Methyl P, Hydrory-Proptonte Ethyl Eater [Cf Liudenbaum, 1917 J 

OH 

CflH6-C-CH, COOCgHB 

I 

CH* 


This was prepared from acetophenone and bromaoetio ester by 
Reformatsky’s reaction according to the following equation — 


CeH 

CH 


‘^0+Br CHj COOCjHj +Zn 


C«H( OZnBr 

. V 

\ 


CHjCOOCiH* 

I dilHsSO* 


C«Hs OH 

V 




CH* 000C*H* 


Acetophenone (16 g ), freshly distilled bromacetio ester (16 g ), benzene 
distilled over sodium (76 c o ) and unc wool (10 g ) were taken m a 600 o c 
round bottomed flask fitted with an efficient condenser The omitents were 
warmed until reaction had started when the flask was removed from the bath 
After the reaction, which was quite vig<«oiM, had subsided, the flask was 
replaced in the steam bath and boiled for 46 minutes The brown mass was then 
treated with dilute sulphuno acid (60 o o.), shaken well to decompose tiie nn- 
reacted zinc and the zme compound formed, and albwed to stand till the 
benzene and water layers had completely separated The benzene layer was 
carefully removed, repeatedly washed witit dilute sulphuno amd (five timesl, 
dried over anhydrous calcium chloride and the benzene distilled off 
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The ester was then fraotionated under reduced pressure, the portion dis> 
tilhng between 132° and 136° under 6 nun being coUected separately Yield, 
246g 

p Methyl Ctnnamtc BAyl Eeter 
C«Hbv 

>C « C!H COOCsHfi 
CH*/ 

The hydroxy ester prepared above (24 5 g ) was dissolved in perfec tlv dry 
benzene (MO « c ) phosphoryl chloride (8 c c ) added and the mixture boiled in 
a flask fitted with a condenser on a steam bath for 45 minutes After cooling 
and adding ice to decompose the excess of phosphoryl ehlonde the contents 
wore transferred to a 250 o o separating funnel, the benzene layer repeatedly 
washed with water, dned over calcium chlondo and the lionzene distilled off 

The ester was distilled under reduced pressure, the fraction boiling at 
135°-140°under5inm being colleetod It is a colourless hquid with a pleasant 
smell resembling that of ethyl cinnamate Yield, 20 5 g 


P, Methyl Ctnnamte Aetd 
CsH*. 

>C - CH.COOH 
CH,/ 

The ester (20 5 g ) was dissolved in 90 per cent alcohol (50 c c ) and a 
solution of 10 g of caustic potash in 10 c c of water added and boiled on a 
steam bath for 2} hours The alcohol was then distilled off (40 o c ) and the 
contents poured into 200 o c of water The solution was extracted twice with 
benBene to remove unreaoted ester, cooled and acidified with concentrated 
HCl The white solid which separated immediately was filtered and washed 
thoroughly The uncrystaUised acid weighed 15 g and melted at 93°-96° 
A portion, orystalliaed from hgrom, melted at 99° 


p, Methyl Hydro einnomte AetA [Of Bupe, 1909 ] 
08H8-CH(CH,)-CH,-COOH 

The crude acid (14*5 g) was taken m 150 c o of water in a strong bolt- 
head flask, a solution of 2 5 g of caustic soda m 10 o o of water added and 
warmed to dissolve the aoid The solution was stored meohamoally and freshly 
mode 4 per cent sodium amalgam (416 g ) added m small quantities at a tune 
The mixture was left overnight, filtered through a Buchner funnel, coded in 
loe and acidified with concentrated HO with storing The acid whuh separated 
as an oil was extracted with bensene, dned over caloium ohksnde and toe 
benaene distilled off. 

The amd distilled as a colourlesB liquid at 162°-164°, under 6 mm Yield, 
13*6 g. 
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jSj8, Phenyl Methyl Propumamtde fCf WoodruflF and Karl Pierson, 1938 ] 
CflHj CH(CH8) CH* CO NHj 

The acid (13 6 g) was wormed with thionyl chloride (10 v v ) at 80® for 
on hour with the usual precautions and the exeesR of thionyl chlorido removed 
under reduoed pressure The residual liquid was taken up m 15 c c of dry 
heuzene ui a separating funnel and added drop by drop to 150 c c of liquor 
ammonia, cooled in loe and stirred meohanically The amide separatcMl as a 
snow-white powder which was Oltcrtxl and tht filtrate concoutrated when a 
further small quantity (1 5 g ) of the amide was obtained 
Total Yield, 11 5 g 

It crystallised from boding water in fine needles M P JOB® 

Phenyl Methyl Ethyl Amine 

CeHs CH(CH3) Clh NHg 

Pround and Konig (1893) prepared the amine by the reduction of phenyl 
propiomtnle with soebum and alcohol Woodruff and Karl Pierson (1938) 
obtained the amine by Hofmann's reaction using scxiium hyiiobromite solution 
Here instead of the hypobromito, hypochlonto solution has boon employed 

70 c c of a 10 per cent solution of sodium hydroxide was cooled in loe 
and chlorine generated from 2 1 g of powdered potassium permanganate and 
concentrated HCI passed in The powdered amide (5 g ) was added to the 
hypochlorite solution and warmed on a water bath to 45®-60® with frequent 
shaking The amide gradually dissolved to a clear solution when the tomper- 
atuTG (mtornal) was raised to 60®-70® and kept at this temperature for two 
hours Drops of an oil were found to separate out Caustic potash (12 g ) 
was then added and the liquid heated to 80® for another ten minutes On 
coohng, the ammo was extracted with benzene (3 times using II?c c each time) 
and the benzene layer shaken with dilute hydrochloric acid (6 times using 10 c c 
each time) The acid layer was cooled, basifiod and extracted completely 
with benzene and the benzene dried and distilled off The amme was left 
behind as a highly basic oil, weighing 3 g 

Phenyl Methyl EOiyl Amide CeH 6 -CH(OH 3 )-CH 8 -NH-CO-CHa 

This was prepared m quantitative yield m the usual wav by rubbing 
the amme with acetic anhydride It was an oil 

1 4, Dimethyls 4, Dihydro-Iaoquinohne [Cf Spath, 1930] 

The acetyl derivative (4 g), dry toluene (16 cx) 
and phosphoiyl chlonde (10 o c) were heated and the 
{iroduot worked up m the usual way The isoquinolme 
was obtained as an oil Yield, 1 1 g (31 per cent of 
theory) 

The picrate oiystalljsed firom alcohol m rhombic needles. 
MP 167® 


CHb 

(Jh 
/\/\ 


|CH* 


x/y 





B B DEY & V S RAMA]«ATHAN STOniBS IN TUB TSOQUINOLtHB HBBIBB 2()7 


Benz~fifi, Phenyl Methyl Ethyl Amtdr 
CaHfi -CH(CH3) -CH*-NH -CO-(::«H5 

3 5 k of the ammo gave 4 4 g of the lionzoyl dniivative eryatalhsing iiom 
alcohol in thin needlm M P 85° 


nHs 

I 

CH 

\A/^ 

C 



6 


I, Phcnyl~4:j MethpUli 4, DApdro^Isoqtnmlinfi 

Thifl wart obtained oh an oil by heating 3 ^ of the 
benzovl amido, 12 < c of dry toluene and M o e of phoHphoryl 
chloride for two liourA at 110®—120" Tlie total weijrtit 
of the dry base was 1 25 , tlu yield hein^r 45 j»ei cent of 

that required by theory 

'Fhe pvcrate prepannl in tlu usual wav crystallised fnim 
alcohol in rhombic needles M P 150® 

0 1108 g gave 13 5 <* c of Nitnigen at 30" and 754 mm 


Found 


C^2Hib07N4 

(C14H15N CeH 307 Ns) J 


requin>8 


N = 12 70 j)er cent 
N = 12 44 percent 


The hydrobrofnide was prepared by nibbing with 48 jicr cent HBr, drying 
the solid in an evacuated desic cutor and trystallising from a mixture of alcohol 
and ether MP nOMSO® 

0 1700 g gave 0 1052 g AgBr 

Found Br = 26 33 per cent 
CiaHisN, HBr requires Br = 26 46 per cent 


1, PhenylA, MelhylA 2 3 4, Tetrahydro^hotpiinolim 

The dihydro-iHoqumohne (I HO g ) was reduced witli zin<' dust (4 g ) and 
dilute sulphuric acid (30 0 c) for 3-4 hours on a steam 
bath 

After filtering and washing thoroughly with liot water 
to remove the isoqumoline sulphate adhering to tlie unrcacted 
zmo, the liquid was basiiied strongly with caustic soda 
and the separated oil oxtraoted thnoe with benzene and 
worked up as before 

The iBoquinolino was obtained as a white solid MP 
84®-86® Yield. I 6g 

A small portion was crystallised from petroleum ether 
The melting point remained unchanged 
OllOBg gave 6*6 o.c of Nitrogen at 30® and 765 mm 
0*1125 g gave 0 3571 g of oarbon dioxide and 0*0752 g of water 

Found . C BB 86 58; H » 7 43. N «■ 6 26 per cent 
CieHjvN requires . C ■ 80*1, H « 7*62, N « 6*28 per cent 
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The hydiroehhride was prepared by rubbing the base witii concentrated 
HCl It was sparingly soluble in water and hence easily crystallised from 
water White rhombic needles M P 244‘ 

0167Ag gave 0 0912 g AgGl. 

Found Cl 33 13 46 per cent 

C18H17N, HCl requires Cl as 13 68 per cent 

The hydrobromide prepared in the same wav crystallised in 6ne silky 
needles MP 228” 

Phenyl Arel-Pp, Phenyl MeUufi Ethip Amide 
C«He-CH(CHj)-CH2-NH-CO-CHj-CaH6 

6 g of freshly prepared phenyl acetyl chloride was added slowly to a 
cold suspension of <13 g of the amine in 20 per cent caustic soda (20 c c ) 
The separated amide was filtered and crystalhsed from alrohol Yield, 5 g 
MP 83“ 

0 1800 g gave 8 9 c c of nitrogen at 30° and 764 mm 

Found N as 5 60 per cent 

CiyHjoON requires N b 6 63 per owt 

1, BenzyUi, MOhyi-S 4, Dthydro-Ieogumolme 

Ig of the amide, 60.0 of toluene and 3 0 c ofphosphoryl 
chloride were worked up m the usuid way and 0 36 g of 
the iBoquinolme was formed as a basic oil 

Tlie pwrate crystallised from methanol m riiombic needles. 
M P. 160° 

0 0962 g gave 10 4 u.o of Nitrogen at 33° and 760 mm. 

Found N w 1218 per cent 


citj 


CH 

07 ' 

dne 


SnonoK C 


Synlheiaee of 1, Methyl-'i 4, IMiydro-Iaaquinctinee^ 


CH, 

oy- 


(B « CHa, GaH, or CaHa-CH,) 


B 
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ft-Meihyl C%nnam%c Arid —fEdeleano, 1887 ] CaHs-CMa-CHCCHa)-COOH 

ThiH was prepared by Perkin’s reaotion from benzaldehyde, })n>pioiiic 
anhydndo and sodium acetate ac(*ording to the followmg equations — 

CeH# (^UO+CHa CH* COv 

>0+CH8 nOONa 
CHaCHa CO^ 

-> CflHn OH = 0 (OH 3 ) COOH 

Benzaldehyde (23 g ) piopionio anhydride (30 g) and frcsldv fused and 
powdered sodium acetate (JO 5 g ) were heated in a flask fltted with an air 
condenser on an elcitiic batli at 13U°—135” for 30 hours 

The contents of the flask whicli had turned were poured into 

50 c 0 of water and treated with 4N caustic soda till it was alkaline and lK>iled 
for 5 minutes so as to convert all the acid into the sodium salt The prcKluct 
was extracted with lienzono (thricc with 30 0 c each time) to remove 
unroacted benzaldehyde, etc , and the aqueous alkaline solution cooled m ice 
and acidified witli concentrated H(U, the acid separating out almost com])letclv 
as a white solid The product was fairly pure and melted at 73”-74” Yield, 
J75g 

Prom the benzene extract 5 g of benzaldehyde wore recovered by distilla¬ 
tion 

a, Mdhyl-Hydfo^mnmmic And —fRupe, 1909 ] 

17 5 g of the cinnamic acid, reduced with 450 g of 4 per cent sodium 
amalgam, gave 17 g of the propionic acid as a high boiling hqiiid 

a, Meihyip, Phenyl Propwnnmide C 8 H 5 -OH 2 -CH(CH 8 )-O 0 -NH 2 

Edoleano (1887) prepared the amide by heating the ammonium salt of the 
above aoid 

The dry ncid (17 g ) was oonvortod into the acid chloride by warming with 
thionyl chloride in the usual way and a solution of the chloride m dry benzene 
(15 c 0 ) added drop by drop to ISO c c of liquor ammonia contaimng 2 g of 
caustic soda dissolved m it 

The solid amide which soon Rcjmrated was filtered and weighed 11 2 g 
On conoentratmg the filtrate another 0 9 g of the amide was obtained It 
crystallised fipom boiling water ui fine silky needles M,P 108® 

a, MethyUp, Phenyl Ethyl Amtne CeH 5 —CH 2 —CH( 0 H 8 )^NH 2 

Hey (1930) prepared the amme by the reduction of benzyl methyl keto- 
xime T^ie amine has advantageously been prepared now in good yields by 
Hofmann’s degradation using hypochlorite solution It was obtamed as a 
strong baaio ydlow oil by treatmg the amide (5 g) with fresh hypochlorite 
soluticm prejiared from 75 0 o« of 10 per cent caustic soda and ohlonne 
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generated from 2 1 g of potaeBium permanganate and working up the 
product m the uBual way Yield, 3 2 g 

Acet-p, PhenyUctf Methyl Ethyl Amide 
CaH5-CH2-(:JH(CH8)-NH -CO-CH3 
Jt wasiwepared by rubbing with acetic antiydride, oxtrac ting with benzene 
and washing the benzene layer with water and drying over potoBHinm carbonate 
On removing the benzene, the aimdo was obtained as an unorystallisable oil, 
yield, quantitative 


1 3, 4, Dihydro-hoqutnohns 

Oychsation of the arotyl amide with phosphoryl 
(blonde m toluene proceeded smoothly, I 3 g of the 
isoquinolme (oil) being obtained from 3 g of the amide 
The yield w nearly 48 per cent of that required by 
theory 

The p%crate was crystallised from alcohol MP 

0 1741 g gave 23 1 c c. of Nitrogen at 33^ and 756 mm 

Found N 14*74 per cent 

Cl7Hift07N4 -KJ 4- 



1 3, Dtmethyl-l 2 3 4, Tetmhydro-IeoquiTuihne 

The dihydro uoqumoluio (1 2 g) wan reduced with 
zmc dust (3 g) and 4N sulphunc acid (25 c t ) on a 
steam bath for 3 hours, filtered, washed with boiling 
water, cooled in loe and basified strongly with oaustar 
soda The tetrahydro-isoqumolme separated as a pale 
yellow oil which was extracted with ether, dried 
over potassium carbonate and the other removed 
Yield, 1 g 

The Aj/thveAlonde was prepared easily by rubbmg the isoqumolme with 
concentrated HGl It oiystallisod from aloohobether mixture It begins 
to fiise at 249” and melts to a clear liquid at 262°, 

0 1228 g gave 0 0886 g AgOl 

Found Cl as 17 86 per omt 

CiiHjoNCl roquires 01 17 97 per cent. 

Bem-P, Phen^a, Methyl Ethyl Amtde CsH,—OH,—0H(CH,)<-NH 

CjHj—'CO 

It was prepared by shaking the amine witii benzoyl ohlonde and alkali 
in an almost theoretical yield It orystalliaed firom alcohol in colourless needles. 
MP. 128° 


CHs 

|/YSpH CHs 




INH 
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01955 g. gave 10 7 o c of Nitrogen at 31 5** and 755 mm 
Found N a 0 1 per cent 
Ci«H| 70 N requires N a 5 9 per cent 

1, PAen^Z-3, Meihyl-^ 4, D%hydro-l8oqu%nol%w 

1 5 g of the leoquinohne was obtained as an oil 
fioni 4 3 g of the amide by proceeding lu the UHuaJ way 
Yield, 36 per cent of that required by theory 

I'ho picraic orystalliBod from alcohol m noedleH 
MP 160° 

0 1538 g gave 17 5 o c of Nitrogen at 32 6° and 
768 mm 

Found N a 12 09 per cent 

O22H18O7N4 "I XT 1 O >1 

1, Phenyl^, Mdhyl-\ 2 4, Tetrahydro-Ijtoqmnahm 



0 8 p of the totrahydro base waH obtained ae an oil &om 1 g oi the 
dihydro iHoqiunohne by reduction with rmo and sulphunc acid 

The hydrohromtie orystallised from alcohol in fine ailky needles MP 
230<’-232“ 

0 2691 g gave 01681 g AgBr 

Found Br «■ 26’06 per cent 
Ci«Hii|NBr requires Br n 26 29 per cent 

The hydroehhnde melted at 266°-256‘’ 

The pterate orystallised from dilute aloohol m needles M P 161° 

Phenyl Aeet-fi, PhenyUn, Methyl Eihyhmde 
OaH8-OHg-OH(OH8)-NH-CO-CH2-C«H8 
The ammo (4 g) was suspended m 20 per oent caustic soda (26 c o ) cooled 
m ice and freshly s^e phenyl acetyl ohlonde (7 g) was added slowly with 
vigorous stirring The amide which separated as a solid was filtered and 
otystallised from aloohol m colourless ne^es MP 114° Yield, 6*6 g 
0 1806 g. gave 9*4 o.o. of Nitrogen at 33 and 762 mm. 

Found * N 6 66 per oent 
CitHi^ON requires . N a 6*63 per cent 



iHCHs 


C«H| 


'el's 
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IHCH, 


1, E^nzylr^^ MeihyV'i 4, Dthydro-Isoquinohne 

1 5 g of the aimde, 6 c o of toluene and 4 c o of phosphoryl chloride 
heated m an oil bath at 110®-120® for 2 hourB gave 
0*6 g of the isoqumohno as a baaio oil Yields 45 per 
cent 

The ptcraU cryatalliHod from aloohol in rhombic 
needleH MP*139° 

0 1182 g of the piorato gave 12 8 c o of Nitrogen at 
*12® and 762 mm 

Found N = 1218 per cent 

The hydrdmmtde prepared by rubbing the base with oonoentrated IIBr 
crvstallisod from a mixture of alcohol and ether m tlim needles M P 225^^ 



Sbotion D 

Attempt to ayntheMse 1, Svbfdttuied^i, PhenyUl^ 4, Dt^ydro- 
Isoqutnolmea, 

CHg 

Jn 

(R-GHs, CaHgorCaHjCH,) 



*, Phemyl-nnmmie Aetd CeH^—CH «■ C(CeH5)--OOOH 
rOgiialoro, 1878, Bakunin, 1897, 1901 ] 

ThiH wan prepared by Perkin’s syntheens from Benzaldehyde, sodium 
phonvl aeotate and aoetio anhydride aaoording to the following equation — 
CeH# CHO+CaH* CH* COONa+OHs CO 

CHaCO 

-*■ CeHa OH - 0 (OaH#) COOH 

Dry sodium phenyl aeetate (28 g) was prepared by dissolving phenyl 
acetio acid (26 g) in sodium carbonate solution (40 o o containing 7*8 g 
sodium carbonate) evaporating to about 1/6 the volume, oolleotmg the sodium 
salt on a flltor, drying and fusmg in a niok^ orumble Ibis was mixed with 
benzaldehyde (19 g) and ooetio anhydride (46 g) in a flask fitted with an air 
condenser and an inlet tube for jiassing COg It was heated on an oil batii 
for 6 hours at 190‘’-200‘’m an atmosphere of OOg and then pouted on to 
crushed loo (100 g) The eontents of tile flask in which a solid had separated 
were steam distilled to remove uimaoted benzaldehyde, of udiieh there was 
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very little, the fla«k cooled and the Holid filten^ and washed with watei 
(Filtrate A). 

The solid was treated with cold dilute caustic soda, and filtered from a 
httlo insoluble matter (B) On acidifying with stnmg 1101, the a, phenyl 
cinnamic acid was completely precipitated Yield, 25 g 

It crystalhsod firom hot glacial acetic acid m needles M P 170"^, identical 
with trons-a, iihenyl-cmnamic acid 

Acidification of filtrate ‘A’ led to the precipitation of 2 g ot a white 
Hubstance which crystallised from hot acetic acid in thm plates M P 138° 
It proved to he the cis-a phenyl cinnamic acid 

The insoluble matter in caustic soda orystaUisod from hot acetu and 
in rhombs M P 125° It was identified as stilbenc Yield, 3 2 g. 

Result — 

Trans-a, plienyl cinnamic acid . 25 g 

Cis-a, phenyl tinnamio acid 2 g 

Stdbeno . 3 2 g 

a, Phemjl Hydro-einnamtc Aetd CoHs—COOK 

Cinnamic acid (15 g ) reduced with 3()0 g of amalgam, gave the propionu 
acid as a white solid molting at 82° Yield, 14 g 

ot, jS, Diphmyl Proptmamide. CeH6-CH2-CH(CoH5)-00-NHa 

[Mayer, 1888 ] 

The dr> acid (14 g ) was converted into the acid chloride by wamurig with 
tliionyl chloride (15 c c ) in the usual way and a solution of the acid chloride 
m dry benzene (10 o c ) was added drop by drop to liquor ammomu (200 c c ) 
The solid amide was filtererl and dned M P 131 ° Yield, 12 5 g. 

ot, i9, Dtphenyl Ethyl Amine CeHc-OHa-CHlCcHgl-NHg 

Leuckart and Janssen (1889) haveprqiared the amine by heating desoxy* 
benzoin and ammomum-formate and workmg up the reaction product m the 
usual way 

Here the amme was obtained as a liquid by Hofmann’s reaction by 
treating the amide (5 g) with fresh hypochlorite solution prepared from 75 
0 0 of 10 per cent caustio soda and chlorine generated from potassium 
permanganate (2 1 g ) and workmg up the product m the usual way 

Acet-cuP, Diphenyl Ethyl Amide C®H 5 —CHj—CHIC sHb)—NH—CO—(' tH* 

[Leuckart {loc ) ] 

It was prepared in quantitative yield by rubbing the amine (2*1 g ) with 
acetic anhydride It oryst^sed from hot alcohol in fine silky needles M P 
148° 

Cyclisation of the amide with phosphotyl chloride m toluene did not 
proceed at all 
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Benz-aPt Dtphenyl Ethyl Amtde C0H5—CH*—^(CeHs)—NH—CO—CS^Hj 

[Louokart ({oc cti ) ] 

This was prepared iti quantitative yield from the ammo and benzoyl 
ohlonde by shaking with alkali It crystallisod from alcohol in fine needles 
MP 176^ 

Ab in the case of the acetyl derivative, cycliBation did not proceed at all 
with the benzoyl denvative also 

Phenyl Acei-tn, p, Diphenyl Ethyl Amide 
CflH6-CH2-CH(C«H5)-NH-CO-CH8-CflHfi 

The ammo (3 1 g) was suspended m 10 per cent caustic soda (10 c 0 ) 
cooled in loe and freshly j^rc^pB^ed phenyl acetyl chloride (4 g) was added 
drop by drop with stirrmg The amide which separated as a white solid was 
filtered, washed with water and crystallised from alcohol in thin needles 
Yidd, 29g MP 182® 

0 1887 g gave 7 6 0 c. of Nitrogen at 33® and 701 mm 
Found N OB 4 5 per cent 

C 22 H 21 ON requires N =* 4 44 jiei cent 

All attempts to cychse the above amide to the t orrespoiiding isoquinolme, 
also failed as in the previous cases 


Sbotion E 


Syntheses of 1, Substituted-^, Benzyl-S 4, Dthydro-Isogutnohnes 



iCHCHgCflHs 


(R « OH 3 , CeHg or CoHe CH* ) 


Dibenzyl Ketow. C0H5 GH2^ 


OeHftCHg^ 




Young (1891) and Apitzsoh (1904) pr^ared the ketone by tiie distillation 
of the dry oaioium salt of phenyl aoetio aoid The method of Kennem and 
Morton (1939) has been found to be more oonvement and so employed here 


CeHfiCHiGOO 
G«Hg.CH, GOO 


> 


Pb 


O^IfGH,. 


CeHgCH,< 


^> 00 +PbO+ 00 *. 


The diy lead salt of phenyl aoetio aoid (43 g) prepared from sodiam pbmyl 
acetate and lead nitrate by double decomposition, was taken in a 100 o.o 
distilling flask fitted with a thermometer and heated on a sand bath with a 
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microbumer The temperature of the sand bath was noted and at 280°, 
there was vigorous evolution of gas and the salt melted to a clear liquid The 
temperature was gradually raised to 340° and maintamod there for 15 minutes 
As the ketone was a high boiling liquid, the contents of the flask were distilled 
under reduced pressure The ketone (10 5 g ) distilled as a hght yellow liquid 
between 198°-200° under 18 mm 

In another experiment the distillation of the load salt of phenyl a(*etic 
acid (63 g ) yielded the ketone (13 0 g ) distilling between 188°-*l{)3° under 
11 mm 

The phenyl hydrazone of the ketone prepared in the usual way, crystallised 
from hot alcohol in fane needles M P 126” 

The aemt-carlxizone of the ketone crystallised from beiizene-ligrom mixture 
in thin plates M P 123” 

Dibenzyl Methyl Amine GoHs CH^v 

>CHNH2 

CoHc CH/ 

Noyes (1892) lias prepared this amine by the reduction of the dibenzyl, 
ketoxime The modifled Leuc^kart syntheses of amines by Ingcrsoll ei al 
(1936) has been employed here The same method has recently been used by 
Rajagopolan (1942) for the preparation of this amine 

Comm6rc.xal ammonium carbonate (11 g) was placed m a 259 c,c distilling 
flask which was fitted with a two holed cork through one ol winch passed a 
thermometer which oxtemded nearly to the bottom of the flask ami through 
the other liole passed a separating funnel Fomuo acid of 90 per cent strength 
(10 he) Vas taken m the separating funnel and added on to the carbonate 
cautiously After the reaction hod subsided the flask was attached to a 
condenser and the flask heated on an oil bath slowly till the thermometer 
mdioated 165° 

To the ammomum formate-formamide reagent thus prepared the ketone 
(9 g ) was added and heated gradually on an oil bath to 170° and kept at this 
temp^ature (170°-175°) for five hours Reaction started at about 165" 
and the mixture became homogeneous in about an hour and a half dunng 
which time water, carbondioxide, and ammonia distilled The heatmg for 
five hours need not be continuous 

The contents of the flask were cooled, shaken thoroughly with water 
(twice usmg 30 c c each time) to remove the unreacted formamide and the 
water decanted off The formyl derivative of the ammo separated as a pale 
brown solid which was hydrolysed by refluxing with concentrated BGl (20 c o ) 
for an hour and a half On coohng, the hydrochloride of the amme separated 
as an almost white sohd which was then boiled with water (120 o c ) and the 
clear solution filtered from a little resm that remomed undissolved The 
filtrate was cooled in ico and basified strongly with caustic soda The amine 
whioli separated as an oil, was extracted with benzene, dried over anhydrous 
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potaBSiiim carbonate and the benzene distilled off The amine whioh was 
obtained as an oil Hohdihtxl on kcepinji in a desiccator Yield, <1A g M P 


41° 


In another experiment starting with 13 g of the ketone 12 g of the amine 
hydrochloride was obtained 

The hydrochUmde* crystallised from alcKihol-ether mixture in lino needles 
MP 202° 


The ptcrate* of the amme prepared m the usual way crystallised from hot 
alcohol in golden yeUow phites M P 193° 

0 1072 g of the picrate gave 12 2 c c of Nitrogen at 33° and 702 mm 

Found N ss 12 74 per cent 


C2iHjoN407 

(CisHnNCoHsOyNa) 


^ requires N = 


12 73 per cent 


The formyl derivative* of the amme was easily soluble m alcohol and 
benzene It crystallised from hot hgroin in One silky needles M P 90° 

0 1477 g ol tiie Hiibstance gave 7 0 o e of Nitrogen at 28 5° and 757 2 mm 
Found N s: 6*81 per cent 
CihHjyON requires . N » 5 85 per cent 


Acet-ai,, BenzyUp, PAengd Ethifi Amtde 
CeH# CHav 

>CHNHCOCHa 

CoH«CH*/ 

The aoetylated product (21 g) was obtained by rubbing the amine (2 5 g) 
with aoetie anhydnde It was easily soluble m methanol, etiiyl alcohol and 
benzene It crystallised from ligrom m tiun needles M P 108° 

0 1596 g gave 81 o c of Nitrogen at 33° and 760 mm 
Found N SB 5*66 pm* cent 
C 17 U 12 NO requires N os 6 53 per cent 

1, MeAyl-'6, B«iayU3.4, Dthydro-Iaaqumohne 

The amide (1 g ) was mixed with dry toluene (Too) and phosphoiyl 
chloride (3 0 0 ) in a nuall flask and heated at 
116”*-120° for two hours on an od bath The 
product was woriced up m the usual way. 0 36 g 
of isoquinolme (38 per cent of theory) waa obtamed 
as an od 

The pierak prepared m the usual way or 3 niM- 
Used from aloohol in yellow plates M.P. 148°. 

0*1063 g. guve 11 4 0 0 of Nitrogen at 33° 
and 760 mm. 


OH, 

A/ 

Jh. 


* 8 Ka]agopal»ii {loo tU ) 
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Found N = 12 09 por cent 

Cg 3 H£o 07 N 4 ") lo/kii i. 

It WOH not ]>OHHible to prepare the fiydroc liloride as it was ver\ midil> 
soluble m watei 


1 , Methyl~*Ay BenzylA 2 2 4, Tetrahydro^Tsoqmnohne 

The dihydio iHoqiiinoline (L fi!) was reduced with dilute sulphuric acid 
20 c c and zinc* dust (2 g ) by heating on a watei 
l>aih for three hours The solution was filtered 
CHgOeHo hot and the filtrate strongly basified with laustu 
soda, extracted with benzene, diied ovei potassiuiu 
carbonate and the benzene distilled off The 
isoquinoline was obtained as an oil weighing 0 9 g 
The hydrochhnde prepared by rubbing the 
isoquittolino with < oiicentrated HCl, drying in tlit 
desiccator, crystallised iroin alcohol-ether mixture in thm plates M P 219^ 

0 1112 g gave 0 0580 g of AgCl 

Found Cl s= 12 91 pei cent 
O 17 H 10 N HCl requires V\ =*= 12*98 per cent 

The? kydrobromtde prepared m the same way with concentrated HBi 
crystallised troiu aloohol-ethei mneture m thin plates M P 204" 

The picrfjite crystallised from methanol in ri'ctangulai plates M P 
lOO'^-lGl" 

0 0784 g oi the picrate gave 8 2 c c of Nitrogen at 32" and 761 mm 
Found N =s 11 82 iier cent 

oXw)I*' 


CHa 


\/\/ 

CH 


NH 


Bfmt-tn, Benzyl-fi, Phenyl Sthffi Amtde 




4*, 


C,HbCHs 

CbEbCHs 



NHCOCbHb 


The amine (3 g.) on lienzoylation by the Sohotten-Bonmann method 
yielded the benaoyl denvative (2 5 g) which crystalhsed from hot alcohol in 
thin needlea M P. 166°. 


0 1594 g gave 6’2 o c of Nitnigen at 33° and 761 mm 
Found N x> 4<35 per cent 
CjiiiHuNO lequiree N » 4 44 per wait 
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jCH CHj CflHs 
N 


1, PhenyU^j Benzyl-S 4, Dthydro^Jsoqmnobne 
The amide (1 g) dry toluene (6 e e ) and phosphoryl ohlonde (.See) 
were taken in a small flask and heated on an oil 
bath for two hours at 115*^-120^ and the product 
worked up as usual 

The isoquinobno (0 1 g 11 per cent ot theory) 
was obtained as an oil 

The hydrochlonde prepared in the usual way and 
crystallised from absolute alcohol-ether inixtiire, 
melted at 142° 

0 1030 g gave 0 0451 g of AgCl 

Found Cl = 10 84 per cent 
HCl requires Cl == 10 64 per cent 

The ptcraie iirepared by the usual method orystaUised from alcohol in 
rhombs MP 172° 

0 0718 g gave 6 8 c c Nitrogen at 33° and 758 mm 
Found N as 10 57 per cent 

(CiisHiftNCoHaO^Ns)/ 


requires N » 10 64 per cent 


Phenyl u4cfi-oe, Benzyl-^, PhenyUEthyl Amtde 
yen NHCOCH 2 C 0 H 5 

C0H5 CHg^ 

The ammo (6 g) was suspended in 10 per cent caustic soda (15 c c) 
cooled in ice and phenyl acetyl chlonde (6 g ) was added drop by drop with 
vigorous shakmg Excess of alkali was Anally added. The amide was filtered 
and washed free of alkali It crystaUisod fiom alcohol in fine needles Yield 
43g MP 134° 

0 1534 g gave 5 8 c 0 of Nitrogen at 29° and 757 mm 
Found N =s 4*26 per cent 

CgsHjaON requires . N as 4 26 per cent 


1, BenzyU*^, 4, Dihydro-Isoqumoltne 



CaHe 


The amide (1 g) was mixed with dry toluene 
(7 c c) and phosphoryl chloride (3 0 0 ) m a small 
flask and heated 115®-120° for two hours on an 
oil bath and the product worked up in the usual 
way 

The isoqumolmo (0 2 g 22 per cent of theory), 
was obtained as an oil 

Thepfcmte was crystalhsed from methyl alcohol 
MP 173° 


0 1177 g gave 10 9 c c of Nitrogen at 29"^ and 768 mm. 
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Found 


(CjbHsiN CoHsNsOt) 


requires 


N s 10 44 per tent 
N sa 10 ;17 pel cent 


Hbctioi? F 


i^yidheses of 1, AStibaUttUed 3, PhpnyUi 7, Mfikyleiie 
OfoJt7/-3 4, Dthydro-laoqntwilineH 





5 


(R = CHa. CaHs or CaHj CHg ) 


a, Phtnyl Ptperonyl Arryhc And 



« C-COOH 

CaHg 


I Dey and Kruduia Rao, 1925 ] 


This was prepared by condonsuig piperonal with sodium phenyl acetate 
m presence of acetic anhydride, thus — 


cay 



CHO 

+CflHB CH, COONa+CHa CO. 

La CCK 


CHa 



-C-COOH 

CaHa 


Piperonal (20 g ), fused sodium phenyl acetate (22 g) and acetic anhydnde 
(35 0 0 ) were taken in a 200 c o bolt*head flask and heated on an oil bath at 
IflO^-lTO® for 0 hours The reaction product was cooled and the excess of 
acetic anhydnde decomposed by adding watw The solid that separated was 
filtered and triturated with dflute caustic soda and the solution filtered oflF 
from a httlo solid (A) which remained undissolved The filtrate was once 
extracted with benzene to remove other impurities, acidified with strong HCl 
and the precipitated acid filtered and washed Yield, 23 7 g 
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The (rude acid (I k ) on crystalliHinj? from glacial acetic ooid, yielded 0 7 g 
ot the pure aiid m rhombic needlea M P 222° 

I’he ])ort]ou mmoluhle m caufttM* soda (A) crystallmed from gla(*ial acetic 
acid in (olourlpHH needles Yield, 3 1 g M P 97"" This was identified as 
3 4 ?^eth^)ene dioxv slilbeae 



5 


a. Phenyl Ptjietonyl PropmiiHC And 


"«< 0 . 




-CHa 


\/ 


CH-OOOH 

cIho 


The above aciylie aoid (22 g ) was dissolved m water (300 (» c ) containing 
eaustu soda (3 g ) and reduced with Hodmm amalgam (400 g of 4 per cent 
Hfc«ingth) in the usual way 

The propionic acid which came down as a sticky solid became gritty on 
lubbing It was filtered, washed with water and crystallised from glacial 
aietu acid m nei'dles Yield, 17 g MP 126® 

0 1230 g gave 3246 g of carbon dioxide and 0632 g of water 

Found C a* 71 0, tT » 5 18 per cent 
l*i 6 Ht 404 lequircH 0 =s 71 I, H =* 6 10 per cent 


a, Phenyl-^^ P%%m<myl Proptommide 



OHg CH--CO NH 

cIh, 


t 


The dry propionic acid (13 g ) and tbionyl ohlonde (13 o c ) were mixed 
ui a 100 c‘ 0 round bottomed flask and wanned on a water batii at 00° taking 
the iiHual preoautiona After romormg the excess of tbionyl ohlonde under 
reduced pressure, the residual acid ohlonde was dissolved m 10 o o of dry 
benzene and added on to bquor ammonia (IfiO c o.) The amide separated 
as a white solid which, on drying, weighed 12 6 g 

The above amide (1 g ) on crystallising from benzene, yielded 0 7 g of the 
pure amido m thm needles M P 141° 

O'1402 g gave 6'0 o o of Nitrogen at 30*6° and 756'6 mm 

Found N B 0 27 per omit 
lequires N bs 5*20 per cent. 
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a, Phenyl Homoptjteronyl Amine 



CH-NHa 

I 

CeHfi 


\ solution of Hodnim hv^iochlonto wan pn^paml bv passing < hloniie ^a^ 
i;;oneratod from potoBBium ponuanganato (2 1 g ) and hvdro<'lilori( a( id into 
an 106 ooolod Bolution of 10 per < ont Hodiiim hvdroxide (70 c i ) 

The finely powdered amide 5 g waa added to tlie hypochlorite Holutioii 
and vigorously shaken The amide diHsolved on warm mg After keeping 
the solution at 70" lor two hours solid potassium hydroxide (15 g ) was added 
and heated to 80" at which temperature it was maintainc^l lor 45 minuti^s 
The amine was extracted with benzene* and the benzene layer shaken with 
dilute hydrochloric oeid The acid layer was basified and oxtiacted with 
ether, druxl ovei potassium carbonate and the other distilled off 'fhe lesidual 
oil was then distilkxl under reduced pressure, the fraction coming between 
2fi0"-262" under 55 mm being c*olleetciMl Yield, 2 4 g 

The kydroehlonde of the amine orystalhsed from alcohol-ether mixture 
m fine needles M F 230"-240" 

0 1467g gave 07*38 g ofAgCl 

Found Cl » 12 47 per oent 
Ci6HiflN02Cl requires Cl « 12 77 per cent 


The ptcraUe crystallised from alcohol in njctangular plates 
0 0092 g gave 10 5 c c of Nitrogen at 31" and 757 5 mm 

Found N = 11 H5 per cent 

(C..h 3}S’^W,)} N = II »l p« m,t 


MP 192' 


Aett-t!,, Phenyl-fi (3 4, Methylenedwry) Phmijl Ethyl Amide 
vQ/\)Hsr-CH-NH CO CH# 

CR2<\ I 

CeH, 

The amide was obtained in quantitative yield by rubbing the amine with 
aoetio anhydnde m a ohina dish It crystallised from alcohol in thin ueedios 
MP 141 ^ 

0 1276 g gave 5 5 o o of Nitrogen at 30 and 767 6 mm 

Found N ■> 4'66 per o«it 
C 17 H 17 NOS ceqiures , N 4 94 per oent 



222 B B DBY & V 8 RAUANATHAB 8T111>1E8 IN THE ISOQriNOUNE SBBIES 


1, Methyl*"^, Phenyl-^ 7, M€ikylened%o3Gy ^ 4, i>e%dro-/^utnoltn€ 



A mixture of the amide (1 g ), dry toluene 
(6 0 c ) and jihosphoryl ohlonde (3 c c ) was 
heated on an oil bath at 120^ for two hourn and 
the product worked up m the usual way 
0 65 g of the iBoquinoline (60 per cent of 
theory) was obtained aH an oil 

The picraie prepared in the usual way 
crystallised from hot alcohol in thin plates 
MP 208 ^ 


0 1008 g gave 10 3 c c of Nitrogen at 31and 760 2 mm 

Found N = 11 48 per cent 


C28Hi,N40tt 

(CnHifiNOa CoHsNsOv) 


} 


requires 


N s= 11 33 per cent 


Melhiodide 2 g of the isoqumolme and 1 ( c of methyl iodide were 
mixed together and allowed to stand for 24 hours in a corked test tube The 
yellow sobd that had separated crystallised from absolute alcohol m golden 
yellow noodles M P 229° 

0 1082 g gave 0 0624 g of silver iodide 

Found I'toB 31 18 per cent, 

(asHinNO^I requires I as 3119 per cent 


Benz-a, PhenyUp (3 4, M^hyUmdioxy)^ Phenyl Ethyl Amide 

.o/N-CHg (3H-NH-CO CfiHr> 
oh/ I 

C«H8 

This wat) prepared in quantitative yield by shaking the amine with 
benzoyl chloride m presence of sodium h3niroxide It < rystallised from alcohol 
m needles M.P. 182*’ 

0*1243 g gave 4 5 c o of Nitrogen at SI** and 750 mm 
Found N SB 4 06 per emit 
Cg2Hi9N08 requires N b 418 per cent 


1 3, DtphenyU6 7, MeAylenedtoxy 3 4, Dthydro-Faoqvtnolme 

CH| A muctore of the benzamide (1 g), dry 

CjHb (12 o 0 ) and phoqihoiyl chlonde (See) 

was heated <m an oil bath at 120° for two hours 
and the product worked up m the usual way. 
0*25 g of the isoquinoline (28 per cent of 
thewy) was obtamed as a solid. It oryatallised 
hrom ideohed m hexagonal plates ILP. 140°. 


CH, 




c 


CsHs 
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* 

0 1072 g gave 0 3153 g of carbon dioxide and 0 0458 g ot water 
0 1123 g gave 4 2 c c of Nitrogen at 31^ and 759 mm 

Found C BBS 80 21, H » 4 75, N b 4 16 per cent 
^EtHnOaN requires C =» 80 71, H r 5 19, N = 4 28 per cent 


The ptcrate of the iHoqumoline crystallised from alcohol in rhombic needles 
MP 172® 

0 1096 g of the pinrate gave 9 7 c c of Nitrogen at 31"' and 759 mm 

Found N = 9 93 per cent 

IkT 1 rkF* A 

(CbjHitNO, CflHsNgOy)} N _ 10 07 par cent 


Phenyl Actl^a, Phenyl-P (3 4, Methylenedioxy), Phenyl Ethyl Amide 

< o/\ 3H2-CH-NH-CO CHg CsHb 

I 

CaH* 

'J'ht* amuio (3 g ) waH suMpended m 10 ])or omit Hudiiini hydroxide (15 c c ) 
cooled in loe and phenyl acetyl (hlonde (4 g ) waa added drop by drop with 
stirring The anude was filtered and orystallised from hot alcohol m thin 
needles Yield, 3 g M P 185’ 

0 1468 g gave 4 9 o o of Nitrogen at 32" and 750 mm 

Found N «• 3 73 per cent 
CssHjiOaN requires N » 3 00 per cent 

1 , Benzyl'^, Phenyl-^ 7, MethyUnedtovy-'A 4, Dihydro-lwqutnahne 



The amide (1 g ) dry toluene (10 e o ) and phosphoiyl ohionde 3 o.o were 
tidiea m small fiadc and heated on an od bath at 120° for two hours The 
loaotion product was worked up m the usual way 0 45 g (46 per cent of 
theory) of the isoquinoline was obtamed as a sohtL It was easily oxidised 
by au and could not be etystallued 
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Tho hydrorMond^ prepared m the iiHiial way orvstaJlwed from alcohol- 
other mixture m thin needloH M P 176*^ (dei^om ) 

0 1140 K krv® 0*0432 g of AgCl 

Found Cl ac 9118 per c cut. 

CJJ3H10NO2HCI requires Cl = 9 40 per cent 

The meihtodidf* (rvstallwed from absolute alcohol m fine needles 
MP 205“ 

0 1076 g gave 0 0521 g of silver iodide 

Found T = 26 in per cent 
(^24H2jN02l requires T s= 26 28 per ctuit 


SfierioN 0 

SyntkesrA of 1, 4, Dt'hydro-hf)qtnnohnt>*t 

CH2 


\/\. 

c 


k 


(B = CH«. CeHfi or CjHs CHa) 


-4re«-/3. Phent/l Ethjfl AmviU DaH# OHg OHj NH CO CUj 
[Miohaolis and Jaoobi, 18931 

(t was obtained in quantitative yield bv rubbing j9, pheny] ethyl amine 
with aoetio anhydride. M P 41® 


1, Meth^‘<i 4, Dihyiro-Jaoqutnohne 

Piotet and Kay (1909), Spath and Co-workers (1930) 

The aoet-amide (1 g ) dry toluene (6 <* c ) and phosphoryl 
chloride (3 o c) wore heated on an oil liatli at 115®-120® 
for 2 hours and the product worked up in tho usual way 
0 21 g, of the isoqumohno (22 per cent of theory) was obtauied 
as an oil The piorato erystaUised from alcohol in needles 
M.P 189® 

Phenyl Ethyl Amde OeHs-CHs-CHg-NH-CO-CgHt 
[Miohaehs (loe at ) ] 

It was prepared m quantitative yield by shaking p Phenyl ethyl amine 
with benzoyl ehloride m the presence oi alli^ It orystalliaed from alcohol 
MP 116® 
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1 , Phenyl-S'i, Dikydro^Jgoqtnndhne 



[Docker and Kropp (1909), Spath and Co-workers (loc at) ] 

A nuxture of the benz-amide (1 g ), dned toluene (5 o o ) and phosphoryl 
chloride (3 c c ) were taken in a small flask and heated on an oil bath at 116°- 
120° for 2 hours and the product worked up aa usual 0 26 g (26 per cent 
of theory), of the isoqumohne was obtained as an oil The piorate orystallised 
from alcohol m long needles M P 174° 

Phenyl Aeet~ft, Phenyl Ethyl Anode 
C«H6-CH,-CH,-NH-CO-CH,-C#Hs 
[D ecker and Kropp (fee etl) ] 

The amine (1 5 g ) was suspended m sodium hydroxide (10 o c) of 10 
per cent strength cooled m ice and phenyl aoetyl chloride (2 3 g ) was added 
drop by drop stirring mechanically The amide eiystallised from alcohol 
MP 94° 

1, BemyU^ *4, Dthydro-leoqutnoltne 



[Pictet and Kay (fee ctl.), Spath and Oo-workers (fee at ).] 

The amide (1 g) on oyclising with phosphoryl chlonde (3 c c) in dry 
toluene (6 o.o.) under the above experimental conditions yielded 0 08 g of 
the isoqumohne (9 per cent of theory), as an oil The picrate orystalliaed 
from alcohol M.P 176° 

SUMUABY 

The acet-, benz-, and phenyl acet- denvativee of (a) fi, p, methyl, phenyl- 
ethyl amine, (6) a, p, methyl phenyl ethyl anune, (c) j9, P, djqihenyl e^l amine, 
(d)«, p, benzyl phenyl ethyl amine and (e)«, phenyl p, (3 4, me&ylene dioxy)- 
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phenyl ethyl amine were prepared and oyclised to the oorrespondmg 3 4 
rbhydro leoqumohneB. The oycliBation of the acyl denvativee of a, methyl-jS, 
phenyl ethyl amine^ with the exception of the benz- donvative, has been found, 
as a rule, to be more fa<*iie than that of the corresponding denvatives of the 
methyl-/?, phenyl ethyl amine Apart from this eflFeet of the methyl group 
in the a, and in the /3, pOHitions of the above-mentioned acyl amides, the acyl 
groups themselves have been observed to exert a considerable influence on the 
progress of the oyclisation Thus, while the phenyl group m the /3, position 
m the acetyl and phenyl acetyl-denvatives of j9, j9, diphenyl ethyl amine is 
found to have little or no influence on the course of the reaction which proceeds 
normally, tlie benzoyl derivative of the same amme gave a much better yield 
of the isoqumohne This increase is truly remarkable and brings into promi¬ 
nence the sigmficance of the acyl radical also in respect of the ease or otherwise 
with which the ring js closed The effect of the benzyl group is very similar, 
as IS to be ex^iected, to that of the methyl group, the acyl a, benzyl j3, phenyl 
ethyl amides bemg cyolised readily Here, too, the same influence of the acyl 
group IS witni^ised, the acetyl derivative giving the highest and the benzoyl 
the lowest yield of the base The retarding effect of the «, phenyl group is 
illustrated m the case of the acyl a, /?, diphenyl-ethyl amides which refused 
to cychse at all under the usual ooiiditions The retardation was, however, 
overcome to a considerable extent by introducing a methylene dioxy group 
in the phenyl nucleus of the /3-phenyI ethyl amine and activating the para 
hydrogen atom responsible for the oyclisation Thus the acyl denvatives 
of a, phenyl- homopqieronyl amme could be made to cychse, while those of 
a, fi, diphenyl ethyl amme failed to give oven a trace of the isoqumolme The 
iHoquinolmes have boon characterised by their piorates, hydroohlondes, hydro- 
bromides and methiodides The dihydro isoquinohnes in most cases have 
been reduced to the totrahydro compounds and the piorates, hydrochlorides, 
hydro biomides and benzoyl denvatives of these tetrahydro isoquinohnes 
have also been prepared 

PBKfllDFNOY COLX.KGF 
October, 1042 
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SOME NEW RELATIVISTIC DISTRIBUTIONS OF RADIAL 

SYMMETRY. 

ByVV Nabukab, Q K Patwabdhah and P G Vaidya, 

Benares Htndu UmvarsUy. 

(Received, October 1942 ) 

Abstbaot 

Soverat now HolutiooHr which aro ntatic and isotropic, of EinBtein*H field equations 
are obtained The inadequacy of the usual boundary conditions is brouglit to hght 
Following Tolman’fl treatment of the subject it is shown that oertam expressions are 
tacitly assumed to be ooiituiuoua on the boundary For the pSitticular ocise of static 
isotropic solutions of radial symmetry the new condition is the contmuity of fi' The 
examples given have possible astronomical interest and they bring out the oihcaoy of 
the new condition 

Introduction 

Following some rocont work by Tolinan (1939) we huvo diHtusBtid ui a 
aenoH of communications* the solutions of Kmstein’s tiold equations for 
spheres of fluid of the form, 

(/«* =s —(1) 

A«A{r), v^v(r). 

We have also gone into tlie question of boundary conditions and brought to 
hght a new necessary condition In this paper we consider solutions of the 
form, 

V-v(r). 

Obviously, (1) and (2) are transformable into each other The physical 
content of (2) cannot, therefore, be different from that of (1) The object 
m ohoosmg the other co ordinate system is this The form of the difiTerential 
equations ui ji and v suggests some new particular solutions which are not 
quite obvious from the differential equations arising from (1) The results of 
the next secticm will bear this out 

^ For the Une-eldment (2) the non-zero components of the energy-momentum 

tensor are 

9mT\ - - 8 * 1 )- ( 3 ) 


* Two letters are recently published in CurrtfU Sctwuie and a paper m m the proas 
with the JouriMl of the Bombay Vnwemiy V N (7-7-1M8) 
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Stt - 8 ,r +'2+’?+^) ' ^ 

Hw T*^ •= 8wp = —e ^ 


(6) 


Hero and in wliat iollows a dash donoteH a differentiation with regard to r 
OB in ft' For fluid sphercH of stellar dimensions the coBinologiral constant A 
can be safely neglected For the pressure to be isotropic it is necessary 
that p qoT 


0,0, v'2—/t'* , , p+v' ,, 

u +1/ H-—It p -- 0 

2 r 


(fl) 


Let US now consider the particulai solutions arising out of the last equation 


Niw Pauticolah Solutions 
The equation ol isotropy (6) (.an bo expressed as 




where 


2 a= 6 


(7) 


(B) 


In our sean h of particular solutions we may start with the simplifying 
assumption, 


it leads to 


M 

2 


where 

The pressure and density uio given by 


1* — 
2r 

2 


. (9) 

Air 

+-4gr , 


(10 1) 

/-)( 


> 


Aif +A^ / 

« 

. (10 2) 

- (2n*- 

•41* 


(11) 


C- 




-I 


»>rp - ^— [(n-*)*«+(n+*)*/3-2{3ii^+%], (10 3) 

8»p » CO-*) 
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l+n+® '“"“I 

where a«rj4f^ir +^ 2 ^ 8 *’ i (12 1 ) 

I+n-| '-*‘+3 

+AlBir . (12 2) 

y = JSir * (12 3) 


The conatants ^j, j42 » detenninod (Tolman, 19346) as usual 

by iism^ the conditions (i) p ss 0 at r ss a and that (ii) are rontiniiouu 
Sitrssa 'riie extenial (Eddington, 1924) solution, valid for r>a is 





4 

dr® -- r® (dfl® -f ) + 



(H) 


Thus (i) and (ii) provide only three conditions We are showing in the 
next section that all the constants hec ome known when we use the additional 
condition that /«' is continuous at r a a In all this a is taken as the radius 
of the material distribution Wo have lonsidenHl the fourth condition in a 
more detailed wav elsewhere as it was never Innted at or iisc^d in su< h problems 
before The significance of tlie new condition is this it ensures that the 
total energy of the distribution (2) is the same as that of a particle of mass m 
so far as the held at gi eat distances is concerned Using the conditions we get 


AI ^ o 


i-5(2-n)-(2+n)£ 


Av 


-115 (2+»)“-(2-n)^ 




4 m V /1 , V 

„ -■ I 

B\ ■■ j v i " flf 


2ir 






4w . V /rt V wi* 

->+| 

-SV-" 




(141) 


(14 2) 


(14 3) 


(14 4) 
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For to bo non-negative n must not exceed 2 and for x to be reiJ n oannot 
be less than \/2 Thus the aliove solution is possible only if 


and for n »» y/2 we have 


V 

2 

c = 


2 >w > 


1 + 4 = .- 4 = 

A^r 

JBi-HB, log r 
I _i_* 


+-<4»r 


8irp 


8ir/» 


} 


1“ n 

'i [_2 




+66 . 


(16) 

(161) 
(16 2) 

(18 3) 

(164) 


where 



(17) 


There is no change in the forms of j and A^ but the values of 3% and Bf 
now become 


fii- 


^8 = 



(18 1) 


(18 2) 


Tt can oaBily be verified that n s a; » 2 correeponds to Sohwarzsohild'a 
Bolution in the isotropic form For n< ^2 the forms of ft and p are unchanged 
But we have 


e^^^Air^+Azr cos 01ogr^+iB2Sin ^|logr^J .. (19.1) 

Hnp m r* j jn*-l +y tanlogr+|ii»J 

+il*r-*J|»i*-l-.ytaii^|logf-4^|. . 


( 18 . 2 ) 
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where x = (4-.2n*)l, . (20) 

and taniftms BifBx (21) 

Another Holution, which is now and important and which brings out the 
inadequacy of the usual boundary conditions follows from the assumption 

. h 


( 22 ) 


where X: is a (constant From the assumption and the usual boundary conditions 
one gets 




I-n+l 


where 


e^2+3k+2 

d = n{k+2)t 

The density and pressure are given by the expresnons 
8trp 


8irp > 


Hr 

o*(e«~d8) r gs»-»a » _ -i 

+ r*+8 


It IS worthy of notice that 

8fr;i' 


where 


(t+2)r“*-«a» I 

' (>+£)* (>-»>• •- 
c—d /r\> 




c+d 


!—I « 

> 


(231) 

(23 2) 

(241) 
(24 2) 
(24 3) 

(23 3) 

(23 4) 


(26) 


m 


p and p will be non^n^atire and n real provided 

0>i>-2+V2 (27) 

A solution thus obtained does not satisfy the additional ontenon, which is the 
UMlogue of the Gauss theorem, that the field rqiresented should be equivalent 



vmt 


SdNt V. V. tac^ ». & -VAfftr*: mm 

IDhkjbitnwanlj if is osKtiMtaas 
nirMeh meiMui (lu) additiotia} restsabit^ vk.,. 


»_ 2ik 

*** “** * ■ a • * • 

tt 

In the ease n «■ 0, the forms of v and ;) differ. We have 


V 





log o—log r l 

2V2 I 


.. ( 28 ) 


(291) 


^ (1+'^) Llogo—logr+2\/2j 


(29 2) 


(30) 


This implies the portioular relation, 

m 4—2y^2 
a “ 2+^ 

In case n is not real we put 

m = v'-(l+ 2 il+i-*/ 2 T (31) 

In this case also the fonns of fi, and p are the name as before Only v and p 
bee ome different 


8wp I 


1 w 

l+HL 


ni{i+2)a^ y ^ 2 


sec f - 
^ ' a 


r\ 2 


H)‘ 


where 


For p and p to be non-negative it is necessary that 

-2+\/2>Jt->-2 


tos [oj log (r/a)+^]. (32 1) 

I tan tan [nt log (r/o)+^]| , (32 2) 

(33) 

(34) 


, , 2+3Jfe+3Jl!*/4 

tan 0 «■-/.—Tav 

ni(*+2) 


Tt IS worthy of notice that in all these cases p strictly diminishes from the 
centre to the surface without attaining a minimum 

We will now present the considerations that have lead us to regard fi' 
as continuous at r ss a 


New CoNTOdtriTY Conditions on tmb Boundary, r = a 
If the material distnhiition represented by the internal solution 

. (35) 



'MOiA.'immo DViTjtttnrvnm or BADtAi. mamsT. 


285 


ia to bahore like a partaole of maas m at groat diataaow it is nqnirod Hut tiro 
total oaetgy of the system be m In the exfKwititm of thia pamt Tcdmao 
(1934a) has tacitly assumed, among other things, the continuity of 

/i=s 1,2, 3.4. y» 1,2,3 (36) 

on the boundary of the distrilmtiun Here 




+8’'/’»'+s:r^ 

Pp fi ap 


(37) 


Let us see what this condition really amounts to for several familial systems 
Case (i) 


Ofiv "" 


pv 


(3H) 


This IS the case oi a weak gravitational Bpv having the usual meaning 
and the squares of A's being neglected Here the continuity to be dmcusserl 
IB of 




“ I ^ [^44 —Aji—A22“*A3^] 
^ dx^ 

4 1^44—^ll"“^^22 —^jsl 

-i / 5*V’'(2 

4> \ ai* a*’'/ 


+1 K 1*44-An-A**-Aa8l (39) 

fiV^ B —In the above y, fx are real sufhxes while a is a *duium> ' suifiv so 
far as the summation (onvontion goes ] 

From the above tlie twelve expressions < orresjionding to /t = 1, 2, 3, 4 and 
y » 1,2,3 can be easily obtained in < om rete forms If the eroHS terms kpv =0 
(when (i^v) the following six expressioriH are requiied to be continuous on 
the boundary of the distribution 

(1) gp (A*2 +^)j (^) (^44 + ^ 11 “^28*"^*88) » 

(3) ^(Au+^ss)* (**) (A 44 —Au + Aw^ss) I 

(fi) ^(^ll+Ajj), (6) g^ (A44*"^J1'"^2+^88) * (^) 
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Case (u) 

5(*^)*-C7(dfar»)*+i?(da:^)* (41) 

The oontmuity of the following six expreseionn is demanded on the boundary 


(1) 

A^B^C^D' 



’ A D ’ 



A^ B D ’ 


(42) 


In the notation adopted in the above expressions a suffix denotes a differentia¬ 
tion witli respect to the corresjiondinp vatiahle Thus * dD/dx"^ 

Case (lu) For the Ime-elemeni (1) which is a paitioular case of case (u) 
no new condition is implied if A and v are continuous But for (2) the r ondi- 
tion turns out to be that fi' be continuous Hence we understand how the 
usual boundary conditions are enough in the former case while they fall 
short of one in the latter For (2) even v is continuous This has a deeper 
Significance which we intend to cousuior in another paper 
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ON THE PITTING OF AN ADIABATIC CORE TO A RADIATIVE ENVELOPE 

IN STELLAR MODELS 

J 3 ^U R Bvkuatsi, Department of Applied Ma^ematte»,Vnwartnty of CaleuOa. 

(Communicated by Prof N R Sen, D8 o,PhD,FNI) 

{Received December 2,1942 ) 

Abbtbaot 

A mothod ib disouaaed for tho fitting of a convective core to a radiative envelope m stellar models 
in which the radiation pressure is not necessarily negligible The problem has a solution only under 
certain restrictions Curves are given which are expected to facihiate the fitting of solutions* when 
this IB feasible 

• Inteoduotion 

Sinoe tho publication of Betho’s (1939) theory of energy generation m stellar 
interiors, attempts have been made for an accurate determination of the temperature 
density distribution m the mam sequence stars which would be a necessary consequence 
of the proposed energy generation law A comparison of such a model with empmcal 
knowledge from observations is also expected to help us to make a decision r^ardmg the 
correctness or otherwise of the energy generation law For tho present it is necessary to 
work out all models which may be built up from Bethels hypothesis regarding the sources 
of stellar energy In a previous paper (Burman, 1942) we have cam^ out some 
numerical integrations of the stellar equations on the assumption of Bethe’s law of energy 
generation m its accurate form and relative transfer of energy For central conditions 
appropriate to the mam sequence stars our integrations do not lead to a solution which 
may correspond to a stellar body configuration The attempt would then naturally be to 
mtroduce a convective core at the centre, m which an adiabatic gradient will obtam, 
which would subsequently give place to a radiative gradient withm an outer envelope 
It appears that the solution cannot jmssibly start with a radiative gradient from the 
centre, as it has been shown by N R Sen (1941), that for such a strong temperature 
dependence of the energy generation as is demanded by Bethe’s theory (m fact, also for 
a very much weaker temperature dependence), if the gradient at start is radiative, it 
will contmuo to remain such outward all along The possible stellar model will then 
have a convective core, allowmg muung of matter, with a radiative envelope surrounding 
it where the standard equations of radiative eqtulibnum will hold 

The suggestion of a convective core has been a long-standing one, and m fact the works 
of Bosseland, Oowhng and others have clearly pomted to that necessity In a recent paper 
Blanch, Lowan, Mai^ak and Bethe (1941) have worked out a modd for the sun with an 
adiabatic core, inside which almost the whole energy generation takes place according to 
Bede’s law, surrounded by an envelope, in which a radiative gradient prevails and no 
further energy is generated As the radiation pressure has been assumed to be n^hgible, 
the inner core is an Emden-polytrope of index n « 3/2 The lummosity, however, is 
unfortunatdy m error by a factor 100 

The general problem will be to integrate the stellar equations mwards from the 
surface of the star subject to the boundary conditions 

p-0 

r-0 

Jlf(f) w M (total mass), L{r) -s L (total luminoaty) 

4t r SB £ (boundary tadius). 
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This solution is to be continued inwards until the radiative gradient gives place to an 
adiabatic one from which stage an adiabatic core may be supposed to begin, throughout 
this core the equations of convective equibbnum hold The solution should be true to 
tbe inner. boundary condition, viz Jlf(r) = 0, L(r) =* 0, at r « 0 To study such a 
model it IS neoessary to have a more detailed knowledge, than we have at present, of 
the core in adiabatic equibbnum, which may be fitted on to a given radiative envelope 
and m which the radiation pressure is not necessarily negbgible As a result of integration 
from outside, the envelope is obtained as enolosmg a definite mass of matter within a 
given radius where the pressure and density are also known The integration will indeed 
also yield a luminosity for that radius but the adjustment of lummosity is to be tested 
by a separate process 

Wo set the problem we consider now, as foOows — 

Qnren the pressure, density and mass (obtained from integrations in the envelope 
starting from the stellar surface) at a certain radial distance, which defines the outer surface 
of a sphenoally symmetrical core in convective oquilibnum, to find the adiabatic core 
(if it exists) which may be fitted on to this envelope, m other words we seek a solution 
of the equations of adiabatic equihbnum having these given values of pressure, density 
and mass at that particular radius and no singuianty at the origin The problem of the 
solution of the equations of convective equilibrium has already been considered by 
Biermann (1932) He has shewn generally how firom a set of one parametne solutions, 
the parameter chosen being (l-*/3), all possible solutions m the convective region may 
be obtamed even when the radiation pressure is not neghgible For our present purpose 
we require, however, a much fuller set of one paramedic solutions of the equations of 
convective equihbnum from which it will be possible to amve at a solution of our problem 
by simple processes Wo choose as our parameter the central density po of the convective 
core and show how it may sometimes be possible to find the suitable convective core to 
fit a given radiative envelope It will be seen that a severe restnction on the mass withm 
the core is necessary m order that a correct fit may be obtamed From the mtegral 
curves we have given it will be possible, firstly, to say if an adiabatic core suitable for 
the envelope really exists, and secondly, iJf it exists, how to find it simply The luminosity 
condition, from this point of view, should be regarded as an mdepc^ent one and is to 
be checked after a correct fit has Imn obtamed It is hoped that our curves will greatly 
facilitate the fitting of solutions 


Thx IUbthod ov Solution. 

The equations of equihbnum of a convective region are 

^ r ^ 

where P, u the adiabatic exponent and has the wdl-known value 

(4 3/})«(y-l) 


V “ 
Pm 

dP 


P 0 IP m gas preemire/total pressure 
ratio of the two speoidc heats 

IS • 

„ M(r) 

. 




dirr*p 


( 1 ) 

(1«) 

(2) 

( 3 ) 

( 4 ) 


The oonstants h, H, a, 0 have thejr usual and j» m w mJ wt. We 

assume an abundance of hydrogen m tiie stdlar imrttef rf wMdi ^«iy |i mvidmoe 

XV 
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and put /A Bi 1 throughout These are also the equations used by Biermann We bnefly 
describe below how they are to be treated from the pomt of view of the parameter we 
are using 

Equation (1) when integrated with the aid of (la) and (2) will furnish us senes 
of (P, p) values on solutions corresponding to different initial values Wc construct a 
senes of solutions from the centre of the configuration w%tk a fixed Pq and conl%mu>udy 
varying po^ these being the values at the centre are, m fact, arbitrarily chosen Putting 
log p ss X, log P BB y equation (1) may be written m the form 


dx 


-A 


s • 


(16) 


which lends itself easily to integration For assigned P and p, equation (2) gives T and 
hence fi which we require for the computation of the function Pj at every stage The 
ratio of the sp heats occurring in the expression for Fi is taken to be 5/3,as for a monatomic 
gas Startmg successively with the initial values r s 2, 2*5, 3, 3 5, 4, 4 25, 4 5 and 
^ sss 36 1281 for all cases, we obtain sets of (P, p) solutions The solutions all correspond 
to the same central pressure (Pq a 4 9x but different central densities It can he 
shown that from such a set of solutions it is possible to obtam by suitable transformations, 
solutions for different sets of central (P, p) values Startmg next with the same set of 
central values for P and p as above and with M{r) a 0 at r a 0, wo proceed to integrate 
equations (3) and (4) For this purpose we transform the equations to more convenient 
forms to express the variables m terms of solar umts by the followmg substitutions 

P-Pop 

M(r) a M^m 

r a TqX (6) 


where Pq a 4 9 X10^^, fixed central pressure 
Jfo a 2 1(1*^ (solar mass) 
fQ « 7 10^0 (solar radius) 
and obtain the equivalent set as 

dx ^ x*^ 


dm 

~da 


(tpa^ 


with «<m 4«rro*/-tfo« P OMo/roPo (6) 

The method of mtegration u exactly the same as that reported in a previous com- 
munioation (Burman, 1M2) Thus we imagine that for a given central pressure, and 
continuously varying central density as a parameter, a senes of one parametnc solutions 
is obtained Corresponding to every solution we form a table (diown m the appendix) 
of values for r, p, P, M{r), log (t*p), log (r*P) and plot the functions log (f*P), log (f*p) 
as In Fig 1, the value of po attached to a curve diowmg with idiat oentoid denmty the 
curve IS associated m our integration 

We now show how this sm^e set of curves enables ns to construct all solutions oorres* 
pomdittg to arbitrary central (P, p) —values To see this we note that tiie equations (1)^4) 
are invariant under the following transformations 

TmfT 

W)"M(r) .( 7 ) 
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The uurvo Po °= "2 0 is a particular oaso where we determineil the density parameter through a 

given point indioated m the figure 


and further fl, M{r), r*P, are all invananta for this tranaformation To oonatruot 
the solution corresponding to any arbitrary central (P, pl-valnes, say Po')> have 
to proceed os follows We determine the transformation factor f from the relation 
Pq' €*Po and find out the density po (say) b poVf* From the smgle infinity of 
solutions supposed to have been construct^ with a fixed central pressure Po and con¬ 
tinuously varymg central densities, we pick out that one which corresponds to the central 
value Po of the density, and this solution subje<‘ted to the transformations (7) will furnish 
us the desired solution It is thus seen that the set of solutions we already have at our 
disposal represents the totality of all solutions of the equations (l)'-(4) 

We shall make use of the invariance property of ^P, r>p in contmuing the scdution 
through the convective core from the inner boundary of the radiative envelope Suppose 
P', p', M(r*) are the prescribed values of the pressure, density, and mass at a given distance 
r' (corresponding to the inner boundary of the radiative envelope) We have to find, if 
possible, a solution of the equations (l)-(4) which, in addition to satisfying the central 
conditions, will have these given values P', p' M(r') at r m r' 

In practice seven integrations have been performed for Pp » 4 9 x and po « 7*39, 

12 18,201,33*1,54 0,70 1,90 0 respectively. foFig 1, we have plotted curves between 
log (r^P) and log (r^p) corresponding to these solutions. To find a fit for the given solution 
P', p' M(r') at r ■> r' we plot m 1 the pomt 0, whose co-ordinates ore log (r't P') 
and log (r'* p') and determine the parameter, po(0) (say), for that member of the iiMiulj 
of curves which passes through this pomt 0 ^ accurate determination of this parameter 
18 a matter of some difficulty and we shall discuss it below at some length Know^ 
po(0) we construct a solution of the equatums (l)-(4) with imtoal vuues Pq, po(0) 
and obtain the curve passing through the pomt 0 All scdntkms derived fimm tiiis 
poitionlar solution by the transformations (7) are also r^resented by the same eurve 
A reference to our table for the solution Pq, pq{Q), gives the values m tiie vaiialdes at 
the point 0 as r, p, P and Jf(r), say. We can now find the tnosfonnatioa &otor i sudi 
that r tm r', and then P'm (*p, p* wm (tp ace antomattoaUy satisfied, abioe 
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/4P' wmr^Pwm 

r'Y « r'HS^p) 

But M(r) la an invariant of the transformation and if the fit is to be perfect Jtf(r) should 
comcido with the given Jif(r') Unless this happens it is not possible to compress the 
given mass of matter itf(r') into an adiabatic core of radius r' and to have the pressure 
and density equal to P* and p' at the surface r' Thus a fit with the solution of a con¬ 
vective core 18 not possible with arbitrary values of r\ p', P' and ilf(r') In case of M{r) 
and Jtf(r') agreeing our method will determme the adiabatic core which will fit m with the 
given external solution 

After a fit has thus been obtained the suitability of the model will depend on whether 
the luminosity calculated by the energy geperation formula agrees with the lummosity 
Hr*) at r SB r' 

Dbtsrmination of po (O) 

This problem may be stated thus —Given certain members of a family of one para¬ 
metric curves on a plane, to find the parameter associated with that member of the family 
which passes through an assigned point The solution here has been effected by a 
numerical method as the followmg We draw an ordinate through the given pomt 
intersectuig the family of curves, each curve at one point The parameter for each of 
these points is given and from these by interpolation wo obtain a value of the desired 
parameter We might as well adopt the same procedure by drawing an abscissa through 
the given pomt, but, in the case under consideration, as it appears that the curves are 
more closely packed along an ordinate than along an abscissa, the first procedure furnishes 
smaller intervals for the argument and is, therefore, expected to give a more accurate 
result An obvious improvement will be to obtain a large number of members of the 
family of curves more or less oqui-spaced and thereby make the mtervals of interpolation 
as small as possible However, a particular case (po « 22 9), which we have worked out 
by this method, proved to be very satisfactory With the value of the parameter thus 
obtamed it will be necessary to construct a solution of the equations (1)"U) with imtial 
values Pq, po(0) and draw the corresponding (HP, Hp)—curve If this curve does not 
happen to pass through the given x>omt, a better value can be obtained by the method 
of tnal and error 

SlTMBIARY 

Curves have been given in Pig 1 with the help of which the problem of fitting a 
convective core to a restive envdope in stellar models, when this is feasible, can be 
solved The mass of the core cannot be arbitrarily chosen and is in fact uniquely deter¬ 
mined by the density and pressure on the surface of the core Unlike the method des¬ 
cribed by Blanch, Lowan, Marshak and Bathe (1941), our present method takes into 
account the influence of radiation pressure and w^ be apphcable m the case of massive 
stars Tables of numenoal mtegration are given in the Appendix for future reference 

The aiitiior takes this opportunity of acknowledging his gratefulness to Prof N B Sen 
for bis mterest m this work and helpfol discussions 

Note added %n proof •— 

Since this paper was sent to the press, it has come to the notice of the author, 
that in a recent issue of the Astrophysical Journal (Vol 96, p 106, 1942), Hennch has 
completed some stellar models with a convective core fitted on to a radiative envelope 
by a method difierent from ours 
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Appbbdix. 

Solutions for different central densities {p, » 7 39. 12 18, 20 1, SS 1. 64 8. 70 1, 00 0 gm /am* ) 
but some central pressure Pf) =• 4 Ox 10** dynes/cm* 


Po 

X 10* 

P 

MB 

m 

logit (r*/*) 

l«g|s (r*p) 


0 

7 39 

1 

0 




40 

7 34 

0 0870 

33 9X10-* 

53 4737 

20 2173 


80 

7 18 

9524 

26 8X10-* 

54 6618 

30 1007 


120 

6 02 

8820 

88 2 

65 3305 

30 6130 


160 

6 55 

8218 

20 3xl0-» 

66 8016 

30 0038 

7 39 

200 

6 12 

7358 

37 0 

66 1414 

31 2251 


240 

5 66 

0426 

62 6 

56 3093 

31 4287 


280 

5 12 

5469 

04 0 

66 5073 

31 6802 


320 

4 53 

4537 

13 1 XIO-* 

60 7482 

31 7070 


36(» 

4 02 

3601 

174 

56 8594 

31 8084 


400 

3 50 

2865 

22 1 

66 0361 

31 8867 


0 

12 18 

1 

0 




20 

12 15 

0 9917 

69 8X10-* 

52 2710 

28 6229 


40 

11 08 

9672 

66 0x10-* 

53 4641 

20 4108 


60 

11 08 

9274 

18 6x10-* 

54 1507 

29 9373 

12 18 

HO 

11 30 

8744 

42 0 

84 0247 

30 2077 


100 

10 80 

8106 

81 6 

54 9704 

30 6687 


140 

054 

6616 

20 8xl0-» 

55*^4756 

so 0031 


180 

7 08 

5043 

40 1 

55 7945 

31 2032 


220 

6 52 

3622 

65 1 

66 0001 

31 3767 


232 

6 10 

3224 

73 4 

56 0410 

31 4171 


0 

20 1 

1 

0 




16 

10 7 

0 9859 

esoxio-* 

51 8808 

28 4421 


32 

103 

0440 

40 0X10-* 

53 0668 

29 3365 


48 

18 5 

8795 

16 2x10-* 

53 7306 

29*8461 


64 

176 

7040 

34 8 

54 1067 

30 1094 

20 1 

80 

16 3 

6956 

06 3 

54*5254 

30 4568 


06 

14 6 

5011 

107x10 • 

54 7716 

30*6466 


112 

13 0 

4871 

16 8 

54 9550 

30 7068 


128 

11 4 

3886 

21 0 

55 0880 

30 9138 


140 

10 1 

3206 

26 0 

55 1610 

30 0779 




1 

0 




! 


0 9780 

4O0xl0-« 

51 8777 

28 2888 


24 


9148 

31 0x10-* 

52 5527 

29 1728 

33 1 

36 


8174 

10 4X10-* 

63 2082 

20 6765 


48 


6972 

23 3 

53 6388 

30 0064 


60 


5680 

42 3 

53 9377 

30 2428 


72 

20 3 

4406 

67 0 

54 1438 

30 4147 


84 

17 5 

3236 

067 

54 2778 

80 6612 


0 

54 6 

1 

0 




8 

54 0 

0 9733 

20 0x10-* 

50 6712 

27 9770 


16 

51 8 

8060 

16 7X10-* 

51 8307 

28 8619 

54 6 

24 

47 5 

7801 

50 4 

62 4636 

29 3626 


32 

42 0 

6425 

11 2x10-* 

52 8080 

29 6741 


40 

36 0 

5001 

20 0 

63 1780 

29*8979 


48 

30 2 

3691 

80 9 

63 3624 

30 0689 


56 

24 4 

2530 

43 7 

63*4682 

30 1678 


Here « ■« radial distance in solar unit, p — denoHy, p (preeeure at dietonee r)/(piaerore 
at the oenm), and m mass in solar unit The inteoratiena are aetually etboted in quite a laige 
number of steps of which we insert only a fbw. 
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«10« 

P 

P 

m 

logto {r*P) 

logic (f*f) 


0 

70 1 

1 

0 




44 

60 5 

0 0868 

42 8xl0-» 

40 6888 

27 3078 


84 

07 0 

0620 

29 2X10-* 

60 7468 

28 1304 


124 

65 5 

0005 

02 0 

51 3087 

28 6317 


164 

62 4 

8325 

20 7X10-* 

51 8502 

28 0740 

70 1 

204 

50 0 

7526 

88 4 

52 1856 

20 2350 


244 

55 0 

6646 

63 1 

52 4428 

20 4370 


284 

50 8 

5725 

04 0 

02 6410 

20 6011 


824 

45 6 

4802 

13 4x10-4 

52 7040 

20 7258 


332 

444 

4623 

14 2 

52 8100 

20 7460 


0 


1 

0 




40 


0 0810 

41 8xl0-» 

40 4711 

27 2010 


80 


0200 

32 2x10-4 

50 6514 

28 1806 




8401 

10 5x10-4 

51 3164 

28 6846 

000 

160 

70 2 

7474 

23 8 

51 7606 

20 0238 


200 

68 4 

6337 

44 0 

52 0765 

20 2734 


240 

60 0 

5163 

71 0 

52 3048 

20 4584 


280 

52 0 

4041 

10 4x10-4 

62 4650 

20 5020 


320 

44 2 

3028 

14 1 

62 5726 

20 6063 



















ON THE ARROW-WORMS OF KRUSADAIi 


By S Vabadarajan, M A , F Z 8 and P I Chaoko, B A , B Sr {Hons ), 
Madras Fisheries jSermce 

(Communicated by Rai Bahadur Dr S L Hora, D Sc , F R S E , F N I) 
(Bece$ved Sept^mbsr S, 1942 ) 

The three genera of Chaetognatha, viz , SagtUa (Slabber), Spadella (LangerhanH), 
and Krohnm^ (Langerhans), arc well represented m the KniHadai plankton The 
importance of these arrow-worms, as indicators of water movement in tlie sea, has recently 
been emphasized by Kemp (1938) In this paper an attempt is made to give a bnof 
account of the Krusadai forms, with special reference to two genera which are new locords 
for the arm For the purfioso of this papei, altogether 273 hauls of phinkton from 
2 to 15 fathoms were collected from the seas around the Krusadai Island, and examined 
at the Krusadai Biological Station diinng the years 1939,1940 and 1941 The collections 
were made during both day and mght 

The commonest arrow-worms in the Knisadai plankton belong to the genus Sagtfla 
In Krusadai, SagxiUi robusta (Doncaster) attains a maximum length of 18 inm whereas 
Dr John has recorded a maximum length of 11 mm for this arrow worm at Madras 
SagiUa enjlata (Grassi), SagiUa tenuts (Conant), SagtUa robusta (Doncaster), and tSagttta 
negketa (Aida) occur m the seas around Krusadai throughout the }ear Of these 8 enjlata 
and 8 tenuts occur m abundance 

SpadeUa cephaloptera (W Busch), from the Krusadai plankton, is easily distmguished 
by its smgle pair of laterd fins extending all round the tail The body is transparent 
llie lengtli vanes from 2 7 to 3 mm On the head there are 6 to 8 prehensile spines, 
5 to 9 teeth and a pair of lateral tentacles near the base of the preliensile spmes The 
corona ciliata is oval and nng-shaped, and placed on the dorsal side of the nook There 
IS a remarkable parenchymatous tissue round the neck There are groups of ciliated 
cells on the body forming wart-like projections The ovary contains 3 to 5 large eggs, 
and the external openmg of tlio ovary is surrounded by a conspicuous cement glmd 
The same arrow-worm recorded from the English Channel and the Mediterranean is 
larger m size, being 4 to 5 mm long, the heed camos 8 to 9 prehensile spines and 5 to 7 
tec^ There are 6 to 8 large eggs in the ovary The comparative smallness of the Indian 
specimens may bo due to the tropical conditions under which they live This kmd of 
d^erence in size is noticed in the geographical distnbution of many ariow-worms 
Dr C C John, to whom specimens were sent for remarks, observes that the very few 
minor differences noticed between the Spadellas of Krusadai and those of the temperate 
regions do not appear to justify the creation of a new species for the Krusadai form 
Nevertheless, this is the first time that Spaddla r^phahptera (W Busch) has been correctly 
recorded from the Indian waters The only other species so far recorded from the Indian 
waters is SpadeUa draco by Doncaster (1903) from the Maldive and Laccadive Islands and 
by Dr. C 0 John from the Travancore Coast 

The Krusadai species of the genus Krohnm resembles Krohnm pacijica (Aida) m the 
followmg respects (i) prehensile spines 7 to 8, (ii) teeth 10 to 12, (m) lateral fins meet 
veaiculae-semmales, (iv) ova appear flattened, and (v) tail ^ of total length The eyes 
are well distmguishable as a pair oi small dark-blue spots, situated close together, 0 10 mm 


1 Published with the permission of the Dirootor of Industries and Commerce, Madras 
> We are mdebted toDr^ 0 C. John for confirming our identifioation of Spaddla and Krahnta 
We thank Dr D W« Devaoesan for revising the manusonpt 
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VS 


X About SO X about 88 

Spndetta ctphnlopiem (W Busch) ft'oin Krusadai Krttmta paetfiea (Aida) 

A Abmantary oana) i NO Nerva ganglion, O Ovary with ogga, P P^ullao on hand 
hood mudifiod into dub shaped tentaolea, S OUbotoiy organ, T TMu, VO Comwmanro of 
ventral ganglion, VS Vosioulae semiualw 

apart As regards colour, the tip of the head has an orange tint and tiie body is greenish 
yellow, but these colours disappear in preserved specimens The lateral fin is broadest 
at the tail-septum, and the posterior ends of the lateral fins overlap vesioulae-aeminales 
which are ovoid in shape and about 0 07 to 0 096 mm m thickness The tail fin also 
meets the vesioulae-seminales 



BioKomoa 

The observation of'double-headed monsters' of SagtUa mentioned by Sh^^ey (1982) 
has been oondnned m the Krusadai laboratory mwe tiian onoe. These airow-wanna 
have cannibalistic tendencies Shipley says (op. at , 190) tiiat arrow-wonns oonsome 
fish-eggs and fish-larvae But the fo^ of the Krusadai arrow-wonns eonsiBtB maUy 
of copepods, we have not met with fish-eggs and fish-larvae in tiieir otomaoh-oonteats. 
Species of SagtUa form an item of food for certam fishes. F<» instanoOt Hardy (1984) 
and labour (1921) found SagtUa m large numbers in the stomaoh of the Batopean herring 
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Clupm harenguB Of the fishefi, whose stomaoh-oontents were exaxmned at the Krasadai 
Biological Station, only two, viz SardtneUa gtbbosa (Cuv & Val) and Duammtma 
haaseUn (Bleeker), were found to feed on Sagttta, whereas among the fii^es exammed 
m the West Hill Biological Station, four were ascertamed as arrow-worm eaters, viz 
the Mackerel BasireUtger hanagurta Russel, the Oil Sardine SardtneUa bmgteeps 
(Guv & Val), two Gogglers cmmenophihalmm (B1) and Decaptervs kurra 

(Cuv &Val) 

Just as in the English Channel, m the San Diego Region, in the Atlantio Oce^ and 
in other regions, the different species of Krusadai are found living together Topographical 
isolation or bathymetrical distribution or social isolation does not apparently exist 

Disoussioh 

It is noteworthy that there is a common social life among the several species of SagtUa 
of Krusadai The dominant species in this mixed community is S enfiata (Grassi), 
of the collections being constituted by this species, a factor noticeable also m the Sagitta 
population of the Maldive and Laccadive regions Not only is there a common social 
life but also a similarity in the cycle of seasonal fluctuations as will be seen from the 
table below 


Total for three years, 1939, 



1940 and 1041 

8 enfiata 

8 tenuia 

8 rdbnsta 

8 negUeta 

1 

January to Apnl 

910 

490 

370 

326 

2 

May to August 

585 

106 

140 

126 

3 

September to December 

2,055 

1,316 

400 

400 


Starting from January* to April when, in the mixed community, the four species of SagtUa 
occupy a mean level, they show a decrease roughly to nearly 50% from May to August 
In the succeedmg four mouths, September to December there is, m all the four species 
an unexpectedly abrupt nse There is thus a cycle of three stages (1) a mean level, 
(2) a decrease and (3) a precipitous nse The ecological factors responsible for these 
phenomena remain to be osoertainixi As there is a decrease m the hot months followed 
by a precipitous nse in the cold months in all the four species, temperature may bo thought 
of as the controlling factor But the sudden drop m the case of 8 enfiata and 8 tennte 
from January to April cannot be attributed to temperature alone, for the gradient m the 
fluctuation of the population of 8 robvMa and 8 neglecta for the same period is normal 
There may be a difference m the types of food of the two groups of SagtUa with whose 
fluctuations m abundance or occurrence, their fluctuations may be correlated Variations 
in the salmity, phospliate contents and pH value of the sea-water may be other governing 
causes Krohnta pactfim is more common in the off-shore plankton than in the inshore 
plankton thereby indicating that this species finds the comlitions in the open sea more 
congenial 

Apart from the hydrographical conditions, the geographical position of the Krusadai 
Island, lying as it does in that part of the sea where the Palk Straits unite with the Oulf 
of Manaar constitutes an important factor The fauna and flora of these seas are the 
richest known in South India During the cold season, the direction of the current is 
from the Palk Bay to the Qulf of Manaar through the Palk Straits As the species of 
Spadella and Krohnia are common during this season, it can be presumed that 
these arrow-worms drift southwards with the current 

SUMaCARY 

Two species, SpadeUa cephaloptsra (W Busch) and KroAnta padfica (Aida) are new 
records for Krusadai This is the first tune that Spaddla eephidoptem (W Bosch) is 
correctly recorded from the Indian waters The arrow-worms of Krusadai reach their 
maxima dunng the cold season when there is plentv of rainfall, and when the surface 
tempeMture, salinity, specific gravity and pH value of the sea-water are low The arrow- 
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worms possibly drift southwards from Palk Bay through the Palk Straits into the Gulf 
of Manaar 
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ON THE POSSIBILITY OP CULTURE OF CERTAIN MARINE MULLETS IN 

FRESHWATER TANKS i 

By D W Devanhsbn, Af A , O / C , Ph D (Land ), and P I Chacko, B A , 

B Sc (Hons ), Kruaadat B%olog%cal Station, Gulf of Mannar 

(Communicated by Rai Bahadur Dr S L Hora, D8o,FRS£,FNI) 
(Received March 1,1943 ) 

In ttie shallow creeks and tide-pools of the Krusadai and Pamban Islands, fry of 
three species of Mullets, namely, Mugtl trosehebi, M waigiensia and JIf seheh are found 
throughout the year Mugil troscheln is, however, the dominant speties Mugtl aekeli 
IS of small size and its fry is not found m abundance With a view to stocking Mullet- 
fry in the freshwater tanks of the neigli bouring districts of Ramnad, Madura and Tmnevelly, 
experiments were conducted at the Krusadai Biological Station in 11142 to find out a 
suitable method of conditioning the fry before transplanting them into tanks 

Mullet-fry wore netted by a hand-net and transferred into a large canoe contammg 
sea-water The sea-water was changed every rnommg, and its salinity was gradually 
lowered by addmg freshwater, the volume of water in the canoe was, however, always 
kept at 48 gallons B> daily in<*reasing the projiortion of freshwater, the fry were 
gr^ually acclimatized to a completely freshwater medium The boat was anchored 
in the sea at a depth of two fathoms and covered with plaited cocoanut leaves to provide 
shade for the fry Casualty were removed every rnommg and preserved for study 

Ejspenmeni 1 —On 19-8-1942 at 6 am, 180 fry of Mugd troschdii, ratigmg in size 
from 22 to 67 mm , were (^apturod and released alive into a canoe contammg sea-water 
of salmity 32 12*>/oo At 9 a m , the sea water was changed and a mixture of sea-water 
and freshwater of a salmity of 30 14^loo poured into the lioat The casualty in this salmity 
was 2% On 20-3-1942 at 9 a m , the water m the canoe was changed to a lower salmity 
of 23 82<>/oo The casualty m this medium was only 1% On 21-3-42 the sabnity was 
lowered to 18 6o/oo and on 22-3-1942 to 13 36®/oo There was no casualty on these two 
days On 23-3-1942 the water m the canoe was completely changed to almost fresh¬ 
water of a salmity of 3 24o/oo There was no casualty m this medium also The per¬ 
centage of fry of Mugtl tromMn whicii survived the experiment was 97 

ExpenmerU II —On 25-3-1942, 174 fry of Mugtl troacheht and 22 of M u^tgiemts, 
ranging in size from 23 to 61 mm and from 29 to 51 mm respectively, were captured 
and released mto the canoe oontaming sea-water of salmity 33 39^/oo, and the casualty 
m this was only 0 6% for Mugtl trfmhdu On 26-3-1942, the sal^ty was lowered to 
15 700/oo I the casualty m this was nil On 27-3-1942 the water was completely changed to 
freshwater, the salmity hemg l*0®/oo» the casualty m this was only 0 6% for Mugtl 
ifoechdtt and 1% for if toaigtmais The percentages of fry that survived the experiment 
were* Mugtl iroichekt 98 8 and M tmtgtensta 99 

Expervmeni III —On 6-4-1942, fry of Mugil iroscheltt, 22 to 62 mm m size, 
and 26 fiy of M wat^ensta, 33 to 52 mm m size, were captured and released m a canoe 
ocxitammg sea-water of salinity 33 75®/oo The salmity was lowered to 20 OS^/oo. the 
casualty m this medium was 1 5% for Mugtl troaehdtt and 1% for if watgtenata On 
7-4-1942, the water in the canoe was oomple^y changed to freshwater of sabnity l*84^/oo > 
this salinity was mamtamed for four days The casualty of MugU iroeehdtt on 7-4-1^ 
was 5% and on 8-4-1942, 1 5%, and for if watgtenais 1% on 0-4-1942. There was no 
casualty on 10-4-1942 The ]^roentag68 of fry that survived this experiment were 92 
for if. InwcAsIti and 98 for if watgtenata 
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Expertmerd IV —On 22-6-1042, 303 fry of Mugtl troscheht, ranging m size from 
29 to 58 mm , wore captured from the sea (saUiiitv 36 09®/ooi Rnd transferred mto a canoe 
containing hraokiBli water of salmity 10 The casualty in this salimty was 10% 

On 23-6-1942,24-6-1942 and 25-6-1942 the water was changed, and the salmity was 4 15"/ooi 
0 6®/oo ftnd 0 6®/oo respectively, and the casualty of those three days was 22%, 8% and 12% 
respectively llie percentage of fry that survivofl this violent oxiierimcmt was 48 

It will be observed that the casualty in the fourth experiment was heavier than 
m the other three experunents owing to the greater range? in the change of salmity 
Previous condztionmg of the Mullet-fry in sea-water of decreasing salinity as mdicated in 
the second and third experiments is, therefore, necessary before transplantation 

Mwgil if08chd%i is the commonest spmes found m laige numbers and hence this 
species seems to be the best suited for transplantation in freshwater [Kinds and tanks 
of the neighbourhood Capacity of ai'clmiatization, rapiditj of growth, non-cannihalistic 
habit and the availability of the fry in large numbers indicate that this marine mullet is a 
good Indian sea-fish for cultivation in fresh waters 

[Mullets are shoal fishes of considerable ec onomu importance and occur in all tropical 
and temperate regions They are found in seas, estuancs and fieshwaters, and certain 
species, even under natural c onditioris, are capable of tolerating great variations in salmity 
Of the three spocieJi referred to by the authors m the above note, Mugtl Iroftchehx and 
jlf loaxgxensut are found m the seas, estuaries and fireshwaters, while the last species is 
generally found in fresh and brackish waters (Weber, M ^ de Beaufort, L P , Fitth Indo* 
Auatral Archxpel ^ 4, pp 244, 248, 252, 1922) In India, especially m Bengal, several 
species of Mullets are cultured m fresh and hrai lush waters For instance, M cormla 
iH cultured m ponds in the southern parts of Bengal (Hamilton, F , Oaixgeixc Ftahes^ p 221, 
1822, Hora, 8 L , Joum Barnbay Nat Hxst Soc , 40, p 62, 1938), it is common m most 
nvers of the Gangetic system This species is known to bro^ m tanks and fur this reason 
De (De, K C , Feu; Htnis on Cxdture of Fxsh xn Tanka %n Eastern Bengal and Aaaam^ 
p 3, Cdcutta, 1936) has recommended that tanks need only be stocked with this fish 
once after which they will only require ‘penodic thmmngs and no replenishing’ The 
other Indian freshwater species of Mullets are M caacaaxa and M hamxUonx In the 
estuaries of the Ganges, M fade and M paraxa are extensively cultured m the salt-water 
embanked flshenes known as ‘Bhasa-badha’ Further, it is known m these parts that 
Mullets grow to a big size only if allowed to enter into freshwaters, especially in the 
second year of their growth and, therefore, faoibties are generally provided for them to 
migrate mto paddy fields or adjoining freshwater canals In the estuaries, however, the 
change in salinity is more or less gradual and, therefore, the fry of Mullets got conditioned 
under natural conditions for life m freshwaters Devanesen and Cliacko have, however, 
shown how fry obtamed from the sea can be conditioned under artificial conditions for 
plantmg m freshwater tanks and the method recommended by them is of great practical 
importance for the culture of fishes in areas adjoining the sea-shore It must be 
remembered that during the breeding penod of Mullets (February to April m Bengal), 
the waters are simply thick with their so that only a little trouble has to be taken in 
oolleotmg and plantmg the fry mto suitable pieces of water 

In the Statesman of the 23rd April, 1942, it was reported that the Department of 
Fisheries of Egypt 'transferred milhons of small fish from the sea to the lakes’ with the 
result that Egypt’s fish-supply, which had decreased to 12,000 tons increased to 40,000 tons 
a vear This mcreased supply of fish is stated to have solved tiie meat shortage problem 
of the country It seems probable that the small marme fish of Elgypt transEmmd to 
lakes were the young of Mullets —-S L Hora, Edtior ] 



THE AZIMUTHAL EFFECT OF COSMIC RAYS AT LAHORE 


ByPS M Sc (So Caltfomta), Ph D (Chicago), Forman Chriatian CoUcge, Lahore 
(Communicated by Prof M N Saha, DSo,PRS,FNI) 

(Received April S, 1943 ) 


The ‘Azimuthal Effect’ la the variation of roemic-ray nitensity at a fixed zenith 
angle and for different azimuths Lemaitre and Vailarta (1936) ooiiHidorod the azimuthal 
offeot without taking into account the influence of the penumbra (Shremp, 1938) Histori¬ 
cally the first cose of the azimuthal effect was discovered by Rorhi (1930), who determined 
the east-west asymmetry in cosmic radiation both experimentally and theoretically 
Experiments of Rossi were followed by those of Johnson (1934), Alvarez and Compton 
(1933) and others Most of all these experiments explored the east-west and north- 
south planes and neglected other azimuths 
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theory of the effect of the earth’s magnetic field on cosmic rays has been worked 
out by Le^tre and Vailarta and their collaborators The cone, in which the charged 
paries of a given energy may amve at a given point of tlie earth from all directions, 
18 M the allowed cone It consists of the ‘mam cone’ withm which all directions 

are allowed^ and the ‘shadow cone’ outside of which all directions are forbidden The 
penumbra’ is the region between the above two cones within which certam bands of 
dire^ons are allowed and the rest forbidden The penumbra is important at mter- 
mediate latitudes (between 10® and 40® geomagnetic) 

R Al^h Hutner (1939) has determmed the azimuthal effect at 20“ geomagnetic 
latitude taking mto account the penumbra, whose baudefi structure gives humps in the 
none showing the azimuthal effect In the present paper are discussed the results on 
the azimuthal venation of cosmic radiation at Lahore (geomagnetic latitude 22®N) 


Thb ExPBBiBugirrAL Abbakgbubnt 

the mtenaity (number of ooinoidenoes from that direction per unit 
tune) a oosi^o rays, four oo8mio.tay telescopes were used, each oonusting of three triple 
G-M counter tubes with lead fitter of 10 2 cm The solid angle range cove^ 
by each tetosrope was 8 07® in the vertical and 38 87® in the Uteral planes. The telesoopes 
were mounted on four edges of a square table, which was rotated back and forth through 
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an angle of 180°, so that opposite toloscopes interchanged positions at regular intervals 
The interchanging of the opposite telescopes make it possible to compare the oosmic-ray 
intensities from opposite directions The azimuths were changed by steps of 10* each 
tune Each of the four telescopes covered the honzon for the fixed zenith angle at 
intervals of 10° at least twice The O-M tubes were tested frequently to assure their 
consistent working 

The apparatus was installed in a special observatory constructed for the purpose, 
on top of the physics laboratory of Forman Christian (\)llege, Lahore The roof of tho 
observatory was made of a single sheet of galvanized iron and was thus virtually open 
to the sky 

Each pomt of the given curve represents the mean of the data collected by all the 
four telescopes The data were rollectiKi between Octolier 31, 1941 and February 21, 
1942 A glance at the curve cleaily shows the marked irregulanties m the north-west 
quadrant, while no such marked variations are shown in the other quadrants Two 
humps, one at 280° and tho other at 310° are prominent m the north-west quadrant 
The curve in the north-east quadrant vanes considerably loss This is in agreement 
with Hutnei’s conclusion that in tiie northern hemisphere, the curve between the north 
and east directions should be less irregular because of the supposed predominance of 
positive pai tides 

Hutner’s results refer strictly to primaries before they enter tho atmosphere In 
the present experiment the secondanes were filtered oft by 10 2 cm of lead and therefore 
telescopes roconlod tiie passage of hard secondaries presumably having the same direction 
as tho primaries which were resjionsible m producing them 

Spe^ual cases of the * A/imuthal Eftec t ’ are the east west and north-south asymmetries 
These asymmetnes can be calculated from the given curve Bhattaoharya (1942) observed 
the east-west asymmetry of tho penetrating component of cosmic rays at Calcutta 
(geomagnetic latitude 12°N) for various zenith angles His value for zemth angle 60° 
9 62±5 98 per cent, tho intensity bemg of course, greater from the west The value 
for tho oast-west difference from the above curve is found to bo 19 6±3 0 per cent 

It IS found that tho maximum east-west difference does not coincide with the 
magnetic east-west plane, but is found to occur in the 280°--100° plane This pomt is 
being further investigated in tins laboratory and it w hoped that the results will be 
reported in the near future 

The author wishes to express his thanks to the University of tho Punjab for granting 
a fellowship for continuing these experiments at T^hore, to the University of Chicago 
for supplying the apparatus, and to the Forman (!!hriiktuui College for tho facibties of the 
Physics Department 
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THE OVULE AND EMBRYO SAC OF FOVQUIERIA 
By Rbayat Khan, M Sc ^ DepartmerU of Biology, Dacca University 
(Communioatod bv Dr P Maheabwari, DSo,PASc,PNASc,PNI) 
{Received February 23,1943 ) 

During the oourse of a personal discussion on the presence of a nuoellar epistase in 
angiosperms, Dr P Maheshwan invited my attention to D A Johansen’s (1936) paper 
on the ‘Morphology and embryology of Fouquieria' and remarked that the author had 
evidently mistaken the inner mtegument for the nucellus A further study of tlie paper 
revealed that the development of the embryo sac had also been wrongly described as 
totrasponc Mauntzon (1936), who studied Fovquiena splendens independently and 
without any knowledge of Johansen’s work, has shown that the nucellus is very meagre 
in the young ovule and, as the latter grows older, disappears completely, the embryo 
sac bemg then in direct contact with the inner integument He also shows that the 
development of the embryo sac is of the Normal typo 

ARhough Mauntzon has given a correct account of F splendens, a comment on 
Johansen’s (1936) paper is felt necessary for vanous reasons 

Johansen (1936, p 95) writes ‘Each ovule is invested with an inner and an 
outer integument (Fig 1) The inner integument precedes the outer m time of ongin 
The former furthermore grows faster and is thicker by reason of possessmg a larger 
number of layers of cells The elongated bps of the inner mtegument soon meet above the 
nucdlus and there become considerably swollen, the nucelluB is thus completely enclosed ’ 
So far his account appears to be quite correct and agrees with his Fig 1 (reproduced 
here also as Fig 1) The nucellus clearly consists of only 1*2 layers of oeUs and the 
megaspore mother cell is situated directly l^low the epidermis But there is a remarkable 
disagreement between this and what he wntos later On pp 95*96 he states ‘In the 
nucelluB, crowning the megagametophytic cavity, and apparently forming part of the tape- 
turn, there is situated a group of thick walled vertically elonga^ cells (Fg 9) 

The walls of these cells become subensed during the maturation of the seed, and move 
upward toward the micropylar end of the ovule while the surroimdmg nucidlar cells are 
being destroyed to make room for the cellular endosperm Hie group apparently breaks 
through the epidermis of the nucelluB at the apex of the latter and becomes plugged 
between the lips of the inner mtegument, bloekmg the opemng through which the pollen 
tube entered ’ These cells, in bis opimon, constitute a kmd of epistase His Fig 9 
(redrawn as Fig 3 here) shows a mature embryo sac summnded by a thick tissue of cells 
which, aooordmg to him, is the nucellus and some of whose cells are said to form the 
epistase (shaded in Fig. 3). On one side of the supposed nucellus is the raphe and on 
the other a single ints^iment Smee the figure shows no structure between this nucellus 
and the raphe, one is immediately led to a&* Where is the mner integument and where 
are its thiw bps which enclose Ike nucellus and become plugged by the epistase ? On 
that aide also, which is away from the raphe, there is only one mtegument mistead of two 
Hie inevitable ocmolusion is that what Johansen has taken to be the nucellus is itself the 
weB«devdbped and massive mner mtegument It is strange that although Johansen 
earlier speaks of a well-developed inner integument, its absence m his Figures 8 and 9 
did not slaike him as something problematic 

A well-developed nucdlus, projecting through the mioropyle is not unknown in some 
o&fmt angiosperms. It is so in tbe Malpighiaceae for instance (Stenar, 1937; Subba Boo, 
194u), but here tiiere can be no confusion as both the integuments are present in additkoi 
to the nuoeUus 
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VxM 1-8 Foufttimn^ 


- \ •fJwMfetti Modim longitudmAl Motion of yonng ovule diowing the mMupoMovte 

wroum^ by the inaw (i) and ontw (o) integunn»t« Fte. 8 j* epbndMM. BlandMto nugn 
x868 ^ 8 F, bitrragn, Madiaa lon^ndiaol Motion of ovnlo nmtato 

gMtnn uolMto mogagMaetophytu Notion the oaael tmvoraing the oim.like eobtue (etispled) 
a photomiorograph ’ Vign 4-0 F pemaratorb Vig 4 IiOna^iidiaal aeotm of 
tha^S^**!™ •’IrftS'* ew itage, ehowing the outer (o i) and hum (i i )%egamaata Note 

viff 8*Ai£Si “?** mloropylo (reoooi^ootod from aovoiai MOttoaa). x li#. 

Fig 0 Apioal portion of the inner integument magnified to ehow the miecapyle. x 606> 

4S 


FioSe 1-3 Redrawn Johonaeu'a Fige* 1, 2 and 9 nwpeotively. 


ovule blowing the mcttaBpoxooyte 
F 0 pUnd$n 0 . BlnuiuMte maga 
Ml aeotiou of ovule ^th mature 
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Ifig BhoMnng an ovule m longitudinal Heotion, and Fig 5, showing a portion of the 
same on a more magnified scale, have been drawn from a preparation of F peniwnilaf%8 
made by Johansen himself and presented to Dr Maheshwan Here we find a narrow canal 
in the upper half of what Johansen suppoaes to be the nuoellus It is quite distmot 
and appreciably wide in the apical portion but narrows down towards the bam fading out 
of Bight near the middle It obviously corresponds to the mioropyle and, therefore, 
confirms the view that the supposed nucellus is the inner integument 

A probable cause of Johansen’s misinterpretation is suggested by his Figs 1 and 2 
(reproduced as Figs 1 and 2 reroectively) and his account of the development of the 
embryo sac He supposes that Fig 2 represents a stage immediately following that in 
Fig 1 Actually, however, he has missed, between these two, all the stages showmg the 
division of the megaapore mother cell, the formation of the tetrad, and the growth of the 
functional megaspore It seems clear that during this interval the nuoellus is entirely 
used up by the growing megaspore, and the inner mtegument comes to he m direct contact 
with the embryo sac 

It may also be added that if the nucellus has disappeared, the 8o*oalled 'epistase’ 
must belong to the inner mtegument 

Gommg to the development of the embryo sac, Johansen says that m Fovquterta 
Hjihndens, F pemnaulans, and F burmget it is totraspono According to Mauntaon who 
investigated F splendent it is monosporio Due to this difference m the reports of these 
authors, Maheshwan (1937) pomted out the need for a remvestigation of these plants 
After the megaspore mother cell stage, Mauntzon figures a row of three cells of which 
the uppermost is bmucleate and the lowest much larger than others The latter is 
obvioudy the functional megaspore formed as a result of the division of the megaspore 
mother cell The embryo sac is consequently monospono and there is no reason to doubt 
the validity of this conclusion But there is also other evidence that goes to show that 
it is not tetraspono as churned by Johansen As pomted out by Maheshwan (1941, p 251), 
m the tetraspono types a large central vacuole is usually not seen at the 2- and 4-naoleate 
stages but makes its appearance only when the four nuclei are preparing for the next 
division Johansen’s 2 (Fig 2 here) shows this vacuole even at the 2-nuoleate stage 
indicating that these nuclei do not represent the dyad stage but are the products of the 
first division of the megaspore nuo&us (See also Maheshwan, 1942, on EuphoH>%a 
heUrophyUa ) 

Oomparmg F spkndena with Myricarta gtrman%oa^ Johansen (p 98) wntes: ‘F. 
aplemfens and M germmiea follow an almost identical developmental scheme ’ This 
companson is entirely invalid not only because the embryo sac of F apkndena is mono- 
smno but also because the development of the embryo sac m Myncana germantca is not 
of the Adom-type as reported by Fnsendabl (1912), on whose work Johansen bases his 
statement, but of the Fnft^na-type As pomted out by Maheshwan (1937), Fnaendahl's 
figures show the 1 +3 arrangement of the nuclei at the four nucleate stage of the embryo 
sao os weU as the difference in the relative sizes of the mioropylar and ohalazal pairs of 
nuotei of the ’four nucleate’ stage—really the secondary four nucleate stage (see also 
Zabban, 1936, and Malieehwan, 1941) 

Dealing with the haustonal function of the lateral arm of the mature embryo sao 
m Fougwtena, Johansen writes ‘Since there is no vascular supply m the fumoulua or raphe, 
and there apparently exists no other method by which water and foodstuffs are transported 
to the ovule, the development of the haustonal arm may logically be considered the 
reme^ of this defect ’ The defect does not exist, however The preparation of F. 
paninstdans presented by Johansen to Dr Maheshwan shows that the raphe does tKMsess a 
vascular aupj^y and the explanation ibr the occurrence of the haustonum must, therefore, 
be sought el^here 

Sttmuaby 

Johansen’s observatlona on Fouguiena are criUoised as the result of a careful study 
of his own figures and of a preparation of Fouqmnti pentnaularts presented by him to 
Dr* Hahei^wiri It is concluded that:— 



BXIATAT KHAUr THB OVUl^B AKD SOCBBTO SAG 07 VOUQUISBiA- 


1 The nuodUuB m Fovquxtna is not massive as claimed by Johansen but extremely 

reduced and all traces of it are lost during the development of the embryo sac 

2 The ovule is provided with two integuments of which the inner is more massive 

and forms the mioropyle The *epistase' of Johansen does not belong 
to the nucellus but to the inner intogumont 

3 The ovule has a normal vascular supply m the raphe 

4 The development of the embryo sac is not tetrasponc but monosponc as 

reported by Mauntzon (1936) 

A OKN O WLEDQEMBNT 

I express witli great pleasure my respectful gratitude to Dr P Maheshwan who 
suggested to me to wnte this criticism and guided and helped me m its preparation 
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THERMODYNAMICS OF A FERMI DIRAC GAS OBEYING BORN’S MODIFIED 
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(Commuxucated by Dr D S Kothan, Ph D , P NI) 


[Eeceived May 4,1943, Bead Angu^ 27, 1943 ) 


1 In a senes of recent papers, Bom (1938, 1039, 1940) has developed his ‘Theory 
of Reciprocitywhich fixes an upper hmit to the momentum possible for a particle This 
theory does for the momentum oo-ordmates what Einstom*s theory does for positional 
co-ordinates 

The number of wave-functions a{€)d€ for a particle enclosed in a volume V and 
having energy between e and e+de is given by, takmg account of the finitenees of the 
momentum space, 


a{€)d€ 


47rgF (6^ + 2€wc^)^(e +mc^)d€ 
/i €®+2€mc*\4 

r 


(1) 


where b is the radius of the dosed momentum space, r is the velocity of light, and g the 
weight factor of the particle duo to its internal structure Wo shall use the above expres¬ 
sion to calculate some of the well-known thermodynamic functions for an assembly 
consisting of similar and non-interaoting particles obeying Fermi-Dirac statistics In 
the usual treatment the momentum space is token to be infinite (&-^oo), and it is of 
interest, therefore, to see to wliat extent the thermodynamic properties of an assembly 
get mo^ed when the momentum space is restricted in the manner contemplated by Bom 
Bom has already discussed the case of a classical gas and that of radiation In the present 
paper we shall consider the degenerate and non-degeneiate eases of a Fermi-Dirao gas on 
the basis of i^te momentum space 

2 According to Fermi-Dirac distribution law the number of particles N{e)de having 
energy between c and e+de is given by 


N(e)de < 


4ngV {€^+2€mc^)^(€+mc^)d€ 






( 2 ) 


when u the diaonminant for the degenerate and non-degenerate oaoee > I oone- 

aponds to the degenerate ease and ^ ^ oorresponds to the non-degenerate oaee.^ 

Let N denote the total nninber of similar and non-mteraoting partioles in an anembljr 
at temperature T, and let E be the energy of tiie aaaembly, then, 


and 


N 

E 





tN(€)i€, 


(8) 

( 4 ) 
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where ci is the enei^gy ocaiesponding to the momentum 6 and u given by the rdahum 

- 6>e> .(5) 

The pressure (p) of the assembly is, os usual, given by 


fc 


(e«-t.2cWM!«)<cfe 


If the assembly be considered to bo reduced to absolute zero of temporatui*e (its volume 
being unchanged), then the distnbution law (2) gives 

for •<{» 

^ ^ c«*> /, c*+2«mc*\t 

V 

"= 0 , for « > {o 

where (o is the maximum energy of a particle m the completely degenerate case (2’s ()) 
It is defined by 

„ 4frffV r^*(e*+2e»nc*)*(e+»ic*)<fo / 7 , 

cW J A c«+2«mcg \i 

y ~ 6*c* J 

cW (*+ lOKM **■ 666V* ^ ( ** 


From (8) we have 


where n ^ 


Inverting the senes (9) we obtam 




{*+2wc*£o wMx* — 


{o+«»c* “ me*(l+a!*)* 11 - 


♦»*«*as* 3m«c**** 

66*c* 1766M ■ ’ 

»tt*c*** f»*6*(12a:*+lfl*®)) 


10(l+»«)6*c* “ 1400(1+x«)«6M J 


In the eompletelv relativistic case me* is noghgible m comparison to and x-^oo, 

_ , m»o*x* 19m*ei®x» 


(o ■* mc*x— 


106M 14006M 


and in the completely non-relativistio case x-»'0 

, 1 - . mh^ 12mM®x* 


Using • (;i) and (7) we have 


2*“^ I05M “ 14b0W« 




.. * J wn©8 expansion for the mtegrols oooumug iq the expmskms for S and p OM gsven in 

uie appendix 
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Expre s s ing ( m terms of a; by using (10) and (11) «e get 


{» «o*(l+**)*-'»»«•■- 


tnhfix 


mMO(12x«+19a^) 


10(: «>)i6>e« 1400(l+i^)*&M 




»tc»(12g*+23»*+12) 


\mAfl(l+x^)* 10(l+**)*6*«^ 

^ ro«e»(1326a:»+408ga;»+42fl0!e*+148(te») i 
1400(l+**)*6*c* J 

In the completely relativistic caseas-^'OO 

I._,i_ »»•<!«*» 19m»c“a!* 2 . Omegas. 1326m*cW^ 

‘ ioP? - Tiow?- (ss+w+TiooSw-y 

In the oompletely non-relativistio case x-^0 


fn*c*a5^ 

2 “ 106«c« liOOP^ 


_2c.(4r)« I ^ , 6««> , 37mW > 

\»ic«l!r*^66*c»+ 366«c* J 


We fihall now determine tlie senes expansion for energy Uamg (4) and the result 
given in the appendix, we obtain in the oompletely relativistic case 

E mm (l* I I I ^ I (T* \ ^ I ^ Mg) 

Substituting (12) m (18) we get energy in terms oi concentration parameter x 

j®. !vz 

c»A» \ I66*c* 28006*e* / 

, 4wjfF „ ,jm\9( , i_, , 3m*c**« . 221 «»V%b«^ Hfli 

We obtam in the oompletely non-relativistie case 

■+orfW)l(M’«»(l+!^+5^)j . (») 

ISxpreBBing energy in terms of concentration we have 

^" W {lo5^ - mSi?l 

+2mo«(Ar)«e, • *• 

The epeoifio heat at oonatant volume » defined by 

-(a 

and can be easily obtamed fW>m (19) and (21) The expreomons for the two oaeee of 
pr e wur e can be obtamed by mte^atmg (6) We can, however, obtam them fitom 

(19) ".ed (31) by using the well'known results tiiat j> | JB m the oompMefy rela^fivkho 

2 

oaae and p ■• = Af m tiie oompletely non-relativistic oase 
3 
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We proceed now to calculate the senes expansion fra the entropy 8 We have the 
thermodynamic relation 


r 

j 0 


TSmakT \ a(€) log {l+Ae-^l^^)d€+E-Nt. 


( 22 ) 


where a(e), E and N are given by (1), (4) and (3) respectively Evaluating the integral 
and substituting the values, we get in the completely relativistic case 




or ui terms of concentration 


In the completely non-relativistic case 

TS = 16r,(*r)* ^ (2«.rS)n4|l+^+ 
Using (17) and (26) we have entropy in termu of concentration 


T8 = 


vm ( 

x<‘ \ 


]2ca(ifc2’)«jy f. . 


1 + 


f 


(23) 

(24) 

(26) 

(26) 

(27) 

(28) 


tneh:^ \ 66*c* 

Gibb’s froe energy Q is defined by the relation 

a - E+pV-TS 

Substitutmg the values from (19) and (24), we have m the relativistic case 
4ir8'F 4e,(iT)*^ / 3m*<Ai!*\ 

® “ Pw ^»**«**‘~ Tmr) -SJSi” ’ 

and in the non-rolativistio case we have 

^ 2irgF / ^ 2c8(*2’)*^ /, , 2m*c<*»\ 

Jt should be noted that *n Bom’s madefied quanUm statesttes O^NC In fact G—NC * terms 
contotmng powers of ^ wAtcA vanish when b-rco 

3 We proceed to calculate the thermodynamic functions for the non-degeneirate 
case ^ 0^ In the completely relativistic case we have from (3) 


where cj b he and A ■■ exp t/kl’ 
Or 

be 


®*** Jo (i-,t/h*c*)*(l+ie^*7’) 
exp C/kT 


(80) 


(81 


where c » beu, and a "s 


W 
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f’ ^ 2 12 270 

J (1 


if x-^co 

Therefore when a^l, (31) gives 


. N fehV ./'i .1.136. \ A‘f, . 3 . 136 . \ 

^^6irgV\kT) ^ V'*'a*'^ a* j ”■ 8 V'*’2a*'*'l6a*‘*' ) 

Inverting the senes (33) we have 

where A-^Ao when a-^-oo 

In the telativistio case, energy E is given by 

ingV j“*_c»de_ 

. f _sL_ } A, 

r*A8 J^(l-«*)*' ^ 

w, ^ f <■«“'■*** 3 . «« , u 

But - _Bs—whoi x-t-ao, 

J (l_f8)* ** ' X« ' 

therefore 

„ *rAr^/„.30 SA 16^ \ 


whoi x-^oo, 


3.4 

1M\ 

" 16 " 

’ J2a*/ 


^ /cA\« 


Evaluating the integral and substituting the values of E and A in (22), we have 

From (27), (37), and (38), we have the value of 0 

^ kTNA/i 


V«« 16«*/ 


+NkTlogA 


In the non-relativistio case, we have from (3)» 

.1 




. bw . 6* 

and «-25j30i. 

But when a>l 




(32) 

(33) 

(34) 

(36) 

(36) 

(37) 

( 88 ) 

( 89 ) 

(40) 

(41) 
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'rherefore 


Inverting the senes we get 


^ S (^>'^ {(‘+a+^)-? (i+c)} 

nes we get 

where An w the value of A when a->oo (An ^ 

V ffF(2irtntr)*/ 


(42) 


(43) 


In the non-relativistic ease, energy le 

.1 


———r ) dit 


ZAi^gV 

2A* 


{(>+ 5 +^.) -4-^ 


(44) 

(46) 


From (22) and (46) we obtam the expression for entropy 


5 21 406\ 

2'*‘8«‘*'64«* 




A /6 . 21 ^ 406 


2^16a^266a* 


,^j-irjbl*k)g44 (46) 


r5-^^(2irmiT)*^ j^: 

Gibb*8 free energy is given bv 

We have oalculated thermodynamic functions for the non-degenerate case when «t^l 
We now calculate them when a^l Equation (31) gives when «^1 


Nh* 

wVF6* 


A 


Inverting the senes (48) we get 


where A-^Aq when «->0 
Energy E is given bv 


_ 6AaJcTVvgb », 
“ 3A« ' 

From (22) and (60) we have 


(libb's free energy is 


0 > 


ft^hTgVb^A /32« 8a* 

—p —[nr 


-^0-3^-^) 

(48) 

II 

O 

(40) 

)iu. 

(60) 


.. (61) 

■ X +r “ ^ 

.. (62) 
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Lastly we proceed to the nou-relativistic non-degenerate case when 1 We have 
from (40) when 


JVA* 
»r*jrF68 

Inverting the series (63) wo have 




(fi3) 


(64) 


where A-^A^ when a->0 
From (44) energy is given by 

„ _ 3il«ir»gF6»ifcr f. 6« . 36«« ^ 6« . 36««\ ) 

—4as— 

From (22) and (66) we have 

T8~ (I - ^ - I) - JSftr log . 

Gibb’s free energy is given by the equation 

„ ii^gb^kTAV fSoL , . A 36a*\ , ^ 

0 - — [t “i+2 - ^ 

Our grateful thanks are due to Dr D S Kothan, Professor of Physios, Umversity of 
Delhi, for hia mterest m the work 


( 66 ) 


(66) 


(67) 


Appbndix 


The various integrals for energy, pressure, and entropy are of the form 

f“ __ 

where ^'(0) * 0 and a. y and «o are constants y and « are positive and y b An 

asymptotic expansion of the above mtegral subject to an error of «—**0 can be found 
for the case when «o>l 
Oonsider the mtegral 




__ I _ ^y\^/ _ 

I f** d^u) f dm _ 


S being a proper fraction. Alao 

*Wo 


*Uo iiWo 

f hl^ 

(‘- 5 ^* 


it»+2tip 

«*+2ap 
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Now 


Jo Jo '+•“■ 

-^(«o)“ I f 
Jo 


«• 


(«) {«*-*• -e- } du 

“ ^(Mq) + ^'*^*(* 0 ) ““ +0{*~'**) 

where C*,*a> (1—2i“*")C(2»), {(2n) being the Riemann-zeta function The numencal 
values of Cs, are (McDougall and Stoner, 1938) 

c, - ^ = 0 82247, f;* » ^ = 0 947,032 


r 

Jte fl- 


«0 


Mo ^ «0 


C'i^'(Mo)+C,^'(tto)+ +0(e«*-**) 


ij'l __ M«+2My y ifl, ({«+y)*-(tt+y)*}*(l+e““**) 


(«*+ 2ay)^4’{u)du 


(«*+2ay)V(«) 7‘ 

«+» ite 


■[ 


The let term < 


|(a*+2ay)*^'(«) 

<•5 («*+2«y)V(«)«“*~* 


l+e«-“o 


The 2nd term < (a* 


0(e-S> 


Thus if Wq ^ « we have the asymptotic expansion 


f 


- ^(«o)+2CW(«o)+2C4^'‘">(«o)+ +0(*-N. 
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ON A NEW C0CX3IDIUM, EIMERIA HIMALAYANVM N Sp , 

FROM THE INTESTINE OF A HIMALAYAN TOAD, 

BVFO HIMALATAEVa BOULENGERi 

H N Ray, M 8c , PhD {I^yndcm) and P L Misra, M Sc , Impertal Vetennary 
Research Insittvie, Muldeswar 

(Communicated bv Dr B Prashad, OB£,DSo,FRSE,FNI) 

(Received April 9,1943, Read August 27, 1943 ) 

In March 1940, one of the writers, while examining the gut contents oi a toad, came 
across a species of ooocidium A perusal of the available hterature sliowed that, althougli 
SIX species of Eimeria had previously been recorded from the mtestmo of anurous amphi¬ 
bians, this particular one did not correspond with any known before These six species 
are Ennena ranarum Labb4 (1894), E (Paracoccidium) prevtdi Laveran and Mesnil 
(1903), E funue Dobell (1908), E negleela Nbller (1920), E belatmni Yakunoff (1930), 
and E laminata Ray (1935) E ranarum mhabits the nuc^loi and some stages of others 
have been found in the cytoplasm of the epithebal cells or free in the lumen of the guts 
Furthermore, except in the case of E laminaia Ray (1935), the complete bfe-histozy has 
not been described in any of these species Tn E laminaia, the asexual forms and their 
young products have a remarkable activity schizogony is initiated at a very early stage 
and there are two kmds of schuonts, namely, (a) maoroschizonts, releasmg 20-30 mero- 
zoites which develop into macrogamotes, and (6) microschizonts, producing six to eight 
merozoites which become male and give rise to numerous miorogametes 

The endogenous stages of the new coccidium exhibited certom differences from those 
desonbed by Bay (1935) in E laminata Tlie whole life-cycle, including the formation 
of mature spores, was found to occur m the epithelial c^eUs of the small intestme Whether 
this peculiarity is the outcome of adaptation to the rigour of the cbmatio conditions of 
Mukteswar (altitude 7,500 ft) it is difficult to say 

Although the material for tlie present study came from a single specimen, it so hap¬ 
pened that schizogony and sporogony were found to occur simultaneously m the specimen 
and consequently it was possible to obtain all essential information from this limited source 

Mbtbods. 

As the rectal contents of this toad revealed a few mature oOcysts, a few smears were 
made ftmx this port in order to study the endogenous stages, if any, of the coccidium 
Portions of infected intestme were fixed overnight m Bourn Duboscq and Brasil’s fluid 
while smears were fixed for 20 mmutes m Schaudinn’s fluid The stains used were Dela- 
field’s and Heidenhain’s haematoxylui Sections of the intestme were cut 6 p thick. The 
living parasite was studied m se^ed preparations of the rectal and mtestinal contents 
dilutra with nonnal saJffiie solution. 

OBSBBVATIONS ok THB FBBB VOBUS OV THB COOOIDIUM 

In &edi preparations tiiere were seen a few active ^gregarmulae’, which ifliowed a bow¬ 
ing movement like that of the gregarine Sdenidium, At first it was thought possible that 
the species was E laminata but closer observation revealed that these’gregarmulae* were 
devoid of the hyaline blade-like structure or lamina, so eharactenstio of E laminaia. 
In a firesfa smear certain stages, which were considered to be developing miorogametes, 

1 Bi^rssdsS the SStb session of thsIndsaaSoieKioeOongress, held at Bensras la ISil 
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were encountered It should be mentioned that the number of mxorogametes formed was 
very small, as compared with that of other Eimenids,—a fact oon&med by a study of 
the smears and sections In fmh samples of rectal contents stages other than fully mature 
odcysts were not encountered 

Miobosohizoooky and Fobmatiok of Micboqaubtbs 

In the fixed and stamed material, sohizonts, that would give nse to the male paraattes, 
could not at first be readily distinguished from the other t 3 rp 6 which produces maoromero- 
zoites A prolonged search, however, showed that while the cytoplasm of the smaUest 
microsohizont, measunng about 1 8 /a to 2 17 ft in diameter, presented a ragged appearance 
withafamtly developed nuclear membrane (PI II, fig 2), a macroschizont, measuring 5*21 jia 
m diameter, showed a homogeneous cytoplasmic structure unth a prominent nuclear 
membrane (PI II, fig la) A microsohizont may either remam distally to the nucleus 
of the epithelial cell or pass beyond it towards the basement-membrane to complete 
the schizogony About 16-32 merozoites are formed, each of which measures nearly 4-fi 
m length and 0 4 piin width A fully formed micromerozoite shows a more or less ragged 
cytopbsm and a deeply staimng area at one pole (PI II, fig 4) In this respect it appears 
to dmer from the macromerozoite which never shows such a siderophilous structure 

A micromerozoite, which produces miorogametes, develops to about 6-8 /a in diameter 
The nucleus appears to divide into eight smeJl nuclei which travel towards the penphery 
of the cytoplasm The nuclear membrane, however, is not visible at any stage, although 
a clear halo is often seen surrounding the deeply stamed nudeus At a later stage small 
cytoplasmic elevations develop round eaoh nucleus, while the nuclei are seen to be drawn 
towinds the pamted ends of these elevations (PI II, fig 11) Fmally, the nucrogametes, 
measunng 2 6 /a m length and 0*86 /a m width, are differentiated (PI II, fig 12) A fully 
formed miciogamete shows a clear round or oval cytoplasmic area and a point^ nuclear 
zone It was not possible to oscertam whether the miorogametes are provided with any 
locomotory organ or not On few occasions miorogametes were seen entermg the epithe¬ 
lial cells (PI II, fig 106) Unused miorogametes were mvariably found to degenerate 
with the maturation of the ofioyst (PI II, 6, 8, 9 and 13) 

MagBOSOHIZOGOKY AKD FOBKATIOK of MAOBOaAMXTXS, 

In contrast to the microschizont, the macrosohizont, i e those that will give rise 
to female parasites, have from a very early stage a homogeneously staimng o^^plasm 
with a central nucleus surrounded by a promment nuclear membrane and aliw) provided 
with a karyosome A folly grown macrosohizont, whether below or beyond the nucleus 
of the host cell, measures about lOft to 12/a m diameter and contains as many as 32 elon¬ 
gated merozoites No sign of precocious nuclear division, as desonbed for the nmozedtes 
of E Umtmta, was encountered A fully formed macromerozoite, measuring 
4 3 ;a X 0*66 /a, shows a homogeneously staimng cytoplasm and a centrally situated nucleus 
with a oentrm karyosome (PI II, fig 3) This morphologioal differentiating character made 
it possible to distmguish micromerozoite from macromerozoite 

A folly grown female parasite measures about 7-12 u in length and 6-10 /a in width; 
its oytoplam shows an alveolar structure and is devoid of any inclusions In this respect 
it dmers from E Um%naia which shows many irregular mclusions staimng deeply with 
haematoxyhn The nucleus at this stage » sphenoal and has a diameter of about 3-6 js; 
the nuclear membrane is very thin and toereisno staining substance other than the kaiyo- 
some At a later stage the nuclear membrane becomes irregular m outline and Idle nadros 
gives the impression of the formation of a 'fertilisation spindle* parallel to the long aads 
of the body 

SpOBOOOKy. 

Sporogony Is strictly intracellular as is described for kmninata. Unfertilised macro- 

gametes lying within the bost-oells are often seen to be surrounded by a number of micro- 
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gametes similar to those desonbed above On one occasion, however, as shown m fig 5 
on FI n, a stage which, it is believed, demonstrates the entry of the miorogamete mto 
the cytoplasm m the macrogamete, was encountered The nuclear membrane of the 
macrogamete at this stage appears to have completely dissolved, while the karyosome is 
broken up mto several minute granules The unused microgametes are often seen to 
remain attached to the oOcyst membrane and finally degenerate (PI II, figs 5-10 and 13) 
The cytoplasm of the zygote shows a deposit of mmuto rofnngent granules at the peri¬ 
phery and this at once (Lstmguishes it mm an unfertihsed female parasite The next 
stage encountered is shown m fig 8 on PI II It represents the zygote nucleus at the meta- 
phase stage. Two centrosomes at either pole of the apmdlo are well marked, while at 
the equatorial rc^on four dot-like chromosomes can bo clearly made out The zygote 
nucleus at the tefophase stage was seen a number of times but on one occasion only was it 
possible to distmguish the chromosome number as mentioned above (PI II, fig 9) 
The haploid number in this coccidium, then, appears to be two. The next stage found 
in abundance is the odeyst with its contents divided to give nse to four sporoblasts The 
o5c3rst 18 rounded oval in shape and measures 7-10 p along its broadest diameter There 
16 no odcystiG residue The obcystic wall, unlike that m otoer species of J^tmerta, is ver^^ 
thm and often the double contour is not visible In other Ettneria, where oficysts mature 
extracorporally, formation of a tough membrane is perhaps a necessity and arises in 
response to environmental conditions But, m this case, smoe maturation is mtracellular, 
external factors play no part and, therefore, the odcystic membrane is ill developed 
Tt IS not, however, known whether the mature odeysts elimmatod by the host can with¬ 
stand the olimatio conditions of Mukteswar The naviouloid sporocysts measure about 
5pm length and 2*6 p in width, each contains two sporozoites and a residual body The 
sporozoite measure 40 pX 1 4 p, are club-shaped and show siderophilous structures at 
either pole These stam deeply with Heidenham’s iron-haematoxyhn (PI II, fig 14) 
The nuebus is situated at the centre of the club-shaped body and shows a karyosome 
surrounded by a nuclear membrane On a few occasions sporozoites wore found lying 
freely within the odeyst, a characteristic similar to that observed in E prevott There 
was no proof, however, of automfection It is quite possible that, under certain abnormal 
conditions, the sporocystic membranes give way withm the odoyst and thus liberate the 
sporozoites 

CONOLUSIOKS 

The dizoic tetrasporocystid conditions of the odoyst at once places this coooidium m 
the genus ^tmsm In the accompanying table a comparison is given on the species of 
Bimena in respect of odeyst and sporooyst It will be seen that the form and dimensions 
of these bodies are sufficiently oharaotenstio in this second coocidium of anurous amphi- 
biaiis from India to warrant our considering it a new species We give the specific name 
htmalayanvm to denote its geographical occurrence. 

Other teatures of mterest may be summarised as follows — 

There are two kinds of schizonts* (a) macrosohizonts, releasmg about thirty-two 
macromerozoites which develop into macrogametes, and (6) microschizonts, producing 
about the same number of mioromerozoites which become males and give nse to eight 
small mioroffametes—a number which is quite unlike that of any other species of Etmena* 
Whether thu jpeoubarity is the outcome of a prolonged intracellular habit of the parasite 
is vary difficult to say at this stage of the enquiry but such an adaptation may possibly 
play an important role m bringing about this modification Furthermore, it is due to this 
intracellular habitat and maturation of the odoyst that its wall has become much less 
ooni^iouons than that of those Eimena which have an extraoorporal maturation 

UlAOKOSlS. 

8p$f$n^c posUiem Simma himeJayanmi n.sp (Coocidiida, Eimeriidae) 

Ik$eriptim Odoysts rounded oval, without mioropyle, residue absent; odcystic 
membrane thin, 7-10 fi aimg its broadest diameter; sporocysts naviouloid, 6*2 fiX2*8 ft, 
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fiporozoites olub-ahaped with a siderophiloas 9 truoture at either pole; mature odoysts 
discharged from host, macro* and microsohozony gmng rise to female and male gametes 
respectively, eight male gametes produced from each micromerozoite 

Hahiltai Small intestuie (intracellular) of Bufo Aimokyniia Bouleng (Amphibia, 
Anura) 

Mukteswar-Kumaun, U P , India. 
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Explanation ok Plate 

AU figures from sections except fig 7, magnification x 2,300 

Fig ] a and 6 Growing fomalo trophozoites 

Fig 2 Growing male trophozoite 

Figs 3 and 4 Macro and micro merozoites 

Kig 6 Maorogamete with one microgamete lying in tiie * fertilisation spindle* while two others are 
abutting on the 'fertilisation cone* 

Fig 0 OOoyst with four miorogamotes lying in the same vacuole 
Fig 7 Same as above Taken from a smear 

Figs 8-10a OOoyatB m metaphase, telophase and late telophase respectively Note the degenerating 
microgametes 

Fig 106 A miorogomete lying withm the epithelial cells 
Figs 11 and 12 Developing microgametes 

Fig 18 Sporoblcwt formation, note the dogeneratmg uucrogametes lying withm the same vacuole 
Fig U Abiture obeyst 

N.B.-^(mble contour of the oboystio membrane is visible only in figs 7 and 9 
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THE SPERMATOGENESIS OP lOHTHYOPHIS OLUTINOSUS TJNN 
Part 3 Sfebmatbleosis 

By B R Seshachab, Deparirnsni of Zoology, Cevfral College, Bangalore 
(Gomrauniratcd by Dr B Prashad, OBE,DSc,PRSE,PNI) 

{Rexieived January 26, 1946 ) 

Introduction 

There is no reference m literature regarding the formation of the spermatozoon m 
the Apocla (Amphibia), while in the Urodela and Anura, this subject has been dealt with 
at great length Tn fact, next to insect spermateleosis, the beet known is that of 
Urodela and the importance of the subject may bo judged by the fact that even till 
recently studies on the sperm formation in tmxlelos revealed new facta regardmg the 
phenomenon 

I'he interest regarding spcrmateleosis lies m the fact that it relates mainly to the 
activity and transformations of the extra-nuclear bodies in tho cell,—(^specially the 
centroBomo, the Golgi apjiaratus and the mitooliondna, which construct and shape the 
future sperm The history of the development of the sjiermatozoon from the spermatid 
IS chiefly the history of the cytoplasmic bodies 

In the Amphibia the spormateleosis of only the Urodela and Amira is known That 
of the Apoda has never before been studied and it is the purpose of this paper to present 
the sequence of events in sperm formation in lekthyophts gluttnoms, a South Indian 
species of Apoda The earlier studies of the spermatogenesis of this animal have formed 
the subject matter of the first two parts already published by me (1936,1937) 

The material for this study has been fixed and stained in various ways, a more 
detailed desonption of which has been given b\ me m the first part of this work (1936) 
iSmeors of the testis have also been made and fixed in Champy, Flemming, Mann-Kopsch, 
Bourn and Kolatohew fluids Another useful method of examination has been that 
adopted by Snook and Long (1914) m their studies on Ane%des lugvhnn and has proved 
very advantageous with matenal fixed, especially m Mann-Kopsoh and Kolatchew fluids 
The testis lobes were fixed and treated m the usual manner but in xylol, the material 
which showed signs of brittleness, was bghtly crushed and teased on a slide which was 
now treated like a smear As a result of this process the cells are not liable to become 
distorted, and though while crushing, a few cell elements become broken up, a very large 
number eA them remam mtact and lend themselves to easy examination I have found 
this method particularly useful and advantageous in respect of matenal fixed m one of 
the osnuc fluids, and apart from a few spermatozoa which have become broken up, the 
other stages ore particularly well seen and have formed helpfiil adjuncts to sections and 
smears. 

I have great pleasure in thanking Prof A Subba Bau for his many useful suggestions 
and criticisms during the course of this study 

Previous Work 

The earliest account of tiie sperm of liMkyophia gM%rmu8 is that of the SarasinB 
(1890) who have figured the spennatozoon of this luumal But their flgtures are so 
incomplete and their description so meagre that Ballowitz (1913) m reviewing the then 
avdlai^ knowledge of the structure and development of the animal sperm, denies all 
knowledge eA the qierms of Apoda No other detailed examination of either the structure 
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or the fonnathm of the aperm has been made till now and the easy availability of the 
mateonal haa alone been reaponsible for my being able to study the development of the 
spermatozoon in IdUh^ophta ghUtnoaw 

Our Imowledge of the spermateleosis of the Urodela and the Anura on the other 
hand is fairly extensive and oomplete and has been admirably summarised by Wilson 
(1028). Curioudy the sperms of these two groups of Amphibia fall under two different 
oategoneSi that of the Anura bemg simpler and more typical Apart from the acrosome 
whose form» sue and shape are subject to variation within each group, the differences 
he m the important constituents of the spc'rms In the Anura, the head is followed by 
a distmot neck region, m which both the centnoles are lodged, one behind the other 
From the distal one starts the flagellum which may possess an undulating membrane as 
m AlyUa (Retzius, 1006), Bufo (King, 1007), B<mb%na (Broman, 1900, Champy, 1913) 
and Dtmji^sua (Champy, 1023), or the undulating membrane may be wanting as in 
Sana (Broman, 1907, Champy, 1913), Hyla (Retzius, 1906) and Pelobaies (Broman, 1901) 

The base of the flagellum in a number of genera is ensheathed bv mitochondrial 
granules which assume a spiral structure and this region is designated the * middle piece* 
This mitochondrial sheath may be conspicuous as in Sana fnsca (Broman, 1907) or may 
be small and rounded as m JBana mgrxmacnUda (Monta, 1928), JSana mvgtens and Sana 
arvahs (Wilson, 1928) Posteriorly the flagellum is free 

Compared with this simple sperm of Anura that of the Urodela assumes a umque 
complexity, in many respects offering examples of the most advanced type found in 
animals In the ur^ele sperm (Meves, 1897, Macgregoi, 1899, Term, 1911, Champy, 
1913, Bowen, 1922, Gatenby, 1931), the base of the head is occupied by a very mu^ 
enlarged and elongated proximal oentnole Posterior to the proximal centnole lies tihe 
distal oentriole, which, like the proximal centnole, undergoes a modification, but m qmte 
a different manner It is converted into a nng which becomes greatly elongated and 
which lies along the greater part of the flagellum as a long pessary The mitoohondna 
are generally al^nt i^m the adult urodele sperm 

Into this picture of the very divergent form and constitution of the Anuran and 
Urodelan sperms has to be fitted the sperm of the other group of Amphibia, namely the 
Apoda, and the first attempt may be made by a study of the npe sperm of Ichthyoph^a 
qlutinosua 


Obsbrvatioks 

Stpe apermatozoon of lohthyophis glutinosus 

Fig 23 represents the npe sperm of Ichthyophia gluHnoaua Its measurements, 
based on the average of twenty counts are as follows} 

Total length, .. 110 microns 

Length of acrosome 6 microns 

Length of nucleus . 8 microns 

Len^h of ^middle piece’ 5 5 microns. 

It will be seen that the nucleus of the sperm is surmounted by an acrosome which has 
a characteristic form and shape In IcMh/^h%a it has the conventional appearance 
an ordinary deotno bulb, with a narrow hiae and an enlarged and lotind^ end. In 
this shape and form of the acrosome the Apoda is an extremely weU*knit groups for bx 
a number of other genera I have examined, it has the same appearance. On we.otiier 
hand, the Urodela and Anura exhibit a great variety of riiape and form of the actosome. 

The nucleus of the qperm is followed by a very conspicuous area, about 5*5 miarons in 
length, and which is the ’middle piece’ of the Q>enn. In Bourn preparations it appears 
as a simple tubular sheath endroling and endoong the base of the flagellum. In osmio 
preparations, however (Fiemmmg, Cihampyi Mann-Sbpsoh and Eolatohew), the diea/di 
contains a spiral coil of what are obviously mitochondrial granules envelopiiig the 
fibre (Fig. 22) It must be stated here that both the centrioles are in dose contact 
With the nudeoB at its posterior end and in a qpennatoeooa« th^ can hiuSj be 
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Vig 1. An ea^ spenufttad of ieMj/opW Tho sphere and the two oentnolea Me mn 

X 2S60. Fig i. The two oentrioles have migmted to the periphery of the cell and the distal one 
hu just given off the fllament. x 2260 Fig 2 The qilieTe has planted itself on the nnideus and 
the begmning of the aoroaome seat is formed as a deeply staining oup The oentrioles have started 
th^r inward movement x 2260* Fig. 4. The aoroeome venole is larger and is more firmly plaoed 
on the nudeus. The proxiinal oentnole has oomo m contact with the nuclear wall. X 2200 
Fig 6. The aorosome seat is well formed The nm of the oup as well as the deeply staming {dug 
are seen. The proximal eentriole has become fiattened. x 2260. Fig. 6 A mimtion of the 
osntekdes jpostenody towards their definitive position is seen. X 2260. Fig 7 The aoroaomio 
vedde ana the osntrfoles are now at the opposite poles of the nucleus. The proximal oentnole baa 
become a ring ihnmdi whidb the distal one carrying the filament Is movuig inwards into the nucleus 
X 2200. 2. The nnoleus is becoming elonmtM Ihe acrosomic vestole has developed a oentnd 

filsmant. The csatrioles a» seen oleariy m meir definitive positions and idationsbipo. x 2260. 
I%.9. Stag. AmilDg the saeatbinim .loagetioii of th. nuolKM. At tin* i t eg. the naotone oiiiiUt. 
PMUMt beaopU^. X MM. 1^10. AeontwcUonofthuMMieaeetlte p o w e ri ofeiidimwi. Hm 
ihir rtiMni ptoM a wI oaoMole le etflt olaar enA e wnBetatohig an* aapa ntw it fkoaa the aneleoa. 
Tba 4Wal aautdolB baa pwatiatad into the auoiaaa. x MM. 
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distinguished One of them (the proximal centnole, as will be seen later) has flattened mto 
a disooshaped nng and has appli^ itself to the base of the nucleus (Figs 10, 29) through 
the onflce of which, the other (the distal) centnole has entered and is embedded in the 
nucleus The ‘mid^e piece*, therefore, does not denote the region separated by the two 
oentrioles or their derivatives, as m the mammals, but is simply that region of the base 
of the flagellum ensheathed by mitochondria and has no representative of either centnole 
in it 

The flagellum is very long and bears the undulating membrane which begins behmd 
the * middle piece' and ends close to the tip of the flagellum 

8peTYiiuAdeo8%s 

I shall divide the history of the development of the spermatozoon of JeMbyophin 
glvJt%ncmui mto five parts, each part dealing with the development of one cc>ll structure 
(a) The centnoles —^An early spermatid of Ickthyophts glvitnceus is shown m Fig 1 
The nucleus shows a fine granulation characteristic of the early stages of the spermatid 
In Bouin preparations the centnoles may be seen close together enclosed in tlie sphere 
area between the nucleus and the cell boMer In osmic preparations such a stage would 
appear as m Fig 14 The Oolgi-idiozome complex woidd appear in the same position 
as the sphere did m Bouin preparations and the Qolgi bodies are seen as dark and 
discrete bodies Tlie mitoohondna occur as small granules scattered throughout the cell 
The first change that occurs m the spermatid is an escape of the centnoles from the 
sphere region The two granules are now found outside the sphere but close to it In 
slightly later stages the centnoles, still keeping together, move towards the periphery of 
the cell Soon after, the two oentrioles by their disposition with reference to the coll 
border can be distinguished as distal and proximal ones, for they are arranged m a plane 
at nght angles to the cell border, with the distal centnole almost on the wall itself and the 
proximal one inwards in the cc^ The distal centnole soon gives off a filament which 
appears, therefore, for thoiirst time in this stage (Fig 2) 

The next change consists of an outward movement of the centnoles Still keeping 
together, the two centnoles leave their penpheral position in the cell and migrate inwards, 
the distal centnole carrying the filament also with it It is mtorestmg to notice this 
oontmued association between the two centnoles throughout their history so far, first in 
their outward migration towards the cell penphery and then their return movement 
from the cell border towards the nucleus 

Having omved at the nucleus, the proximal centnole attaches itself to the nuclear 
wall This attachment at first takes place at any spot on the nuclear wall, but later, the 
oentrioles migrate to the pole of the nucleus opposite to that where the aorosome is planted, 
which is the postenor pole In the early stages on the other hand, no such relation 
between the pomt of attachment of the centnde and the antonor pole of the nucleus 
can be made out A perusal of Figs 4-6 shows the vonod positions where the attachment 
IS effected m early stages, i o, close to the aorosome, on the sides of the nucleus and 
posteriorly also In some cases, the proximal centnole is attached antenorly But 
whatever be the early positions, the final position of attachment of the centnole is the 
postenor end of the now elongate nucleus (Fig 7) 

The proximal centriole, as soon aa it attaches itself to the nuclear wall, becomes 
enlarged and flattened Figs, 5 and 6 show the attached proximal centriole much larger 
than the free distal one. Soon after its amval postenorly and once its definitive and 
final position is established, the proximal centnole becomes converted into a ring which 
18 pressed to the posterior nuclear wall 

As soon as the proximal centnole la fixed to the nucleus at its definitive iKisterior 
pole and is converted mto a nng, the distal centriole moves forwards, becomes elongated 
and spindle-shaped, and, passing through the orifice of the nng-ahaped proximal centnole 
becomes stuck to the nudeus Meanwhile the nng centnole becomes wider and better 
differentiated as the nudeus becomes nairower till finally the flattened ring marks the 
postenor end of the nudeus from out of centosl orifice of which the Absent passes 
out^ (Figs, 7-9), 
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]Pig, 11 , Tlw po®t 4 mol(iwf apkoa bM iiiov#d baokwfttd* ukd it# wall fonn# tba wall of tha tubidar 
■haatfaof th# 'midAeiilwie'. X 8860 Fig. 18 Tho tabalM aliMtli w mj fonnod^ giaaule#. 
obviously mitoohoiidriai mee ttrrangmg thomaelvea about the fllamaDt. x 2250. Fig 18# An aimwt 
fully dovalroed ip««in of ghOinoiW with tho residual protoplaam surrounding 

povtenor of the nuoleus and*middle pieoe % the tubular sheath of which 

Fig 14. An early epermatid of lehthyophla gktHnosw showing the initial poMtdon of ^ Golgi bo^ 
ara mitotthoiidna# x 2250. Fig* 25 T^e Qolgi*idioBome complex baa applied itself to the n uoto us 
and tike aeroscmie vesiole is developed* The Qolgi bodies are arreni^ 

Fig 16, The aomoiikio vesiole is planted in a oup^like depression in the nuoleus and the deefdy staining 
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plug 18 also seen, x 2250 Fig 17 Elongation of the nucleus and the beauming of the postenor 
migration of the Qolgi bodies X 2260. Fig 18 The Oolgi bodies are afl at the poatonor pole 
The plug of the aoroaome seat la seen clearly with its dilated vesicular mouth x 2250 Fig 10 The 
greateat elongation of the nnoleus has occurred and the nucleus has lUst bojran to contract The space 
formed as a result of it is seen, x 2250 Fig 20 An almost fully developed sperm of /cAtAyop^M 
ghd«nosus diowing the Golgi bodies aggregated together in the sloughmg off protoplasm X 2250 
Fig 21 A sperm of /cAlAycqoAw gUUmoaus with the residual protoplasm still in position. The mito 
chondnal spiral investment is Hc»en I'he acrosome has acquired its deBnitive shapn X 2250 
Fig 22 A ripe s^rm of Ichthyophia gluiitioaus allowing the acrosome. acrosome seat, nucleus and 
middle piecte. X 2250. Fig 23 A ripe sfierm of Ichtkyophvn gluftnesus showing its full length 
X1125 Fig 24 Figures to show tho form and structure of the acrosome (a) Acrosome (6) The 
anterior end of the nucleus showing the acrosome seat X 3375 

In later stages where the nucleus of the spormatozoon is greatly ('ondensed and 
oonsohdated, the proximal ring centnole has become a flattened plate oompletel\ 
incorporated in the nucleus and effectively fused with it so that it is pra(‘tically impossible 
to di^mguish tho two. but m shghtlv earlier stages and with suitable fixatives, it is possible 
to notice the separation between the two.—^the nucleus and the proximal centnole,—as a 
very narrow but nonstaimng space (Figs 10. 29) 

The proximal centnole in Ichihyophts is therefore closely applied to nucleus 
posteriorly as a disc-hlco plate with an aperture m the centre through win h the distal 
centnole with its filament passes into the nucleus and is embedded m it This position 
of the two centnoles is the final one and is mamtamed in the adult spermatozoon without 
any change 

(6) The dcrasome —^The formation of the acrosome and its mcoqioration with the 
nucleus of the sperm have formed an important part of my studies of the spenaateleosis 
of Ichthyophis and 1 shall record here my observations of this process In an early 
spermatid shown m Fig 14. from a Kolatchew preparation, the Golgi-idio/ome complex 
18 adjacent to the nucleus and m the same position as the sphere occupied in Bourn 
preparations The Golgi bodies form a compact basketlike structure The formation of 
the acrosome can be studied very well m Kolatchew preparations Figs 15 and 3 b 
illustrate Kolatchew preparations showmg tho acrosome formed m relation with the 
Qollji-idiozome complex The acrosome is a clear vesicle round which are the dark Golgi 
bodues which have secreted it It will be seen that the vesicle is occupymg one pole 
of the nucleus Tn fact, almost from the early stages of its formation the acrosomio vesicle 
IB m close appboation with the wall of the nucleus at one of its poles As development 
proceeds the acroaomic vesicle becomes more and more closely incorporated with the 
nucleus This incorporation is one of the most interestmg features of sperm formation 

The acrosome of the npe sperm has already been desonbed as a rounded bulbous 
body borne on a short narrow stalk Figs 24a and 30 illustrate its form and shape. 
It is traversed m the centre by a fine filament which reaches almost to its tip and which 
IB oontmued behind as a pomtod plug about half the length of the acrosome It is this 
plug that IS placed m the nucleus of the sperm m a special receptacle m its centre hx 
qierms where the acrosome has become detached, this receptacle can be seen in the nudeus 
as a deep pit The acrosome therefore gets its most effective anchor by means of this 
plug and pit arrangement, the former fittmg into the latter. Posteriorly the acrosome 
18 excaval^ mto a shallow depression into which the anterior part of nucleus fits, 
providing a further means of seounng the two 

It has already been observed that the acrosome. almoBt from its inception, is close 
to the nuclear wall at one pole In early stages no fusion or attachment between the two 
con be noticed but graduauy the acrosome comes to be planted on tho nucleus more firmly 
till m the final adult stage of the spermatozoon the two obtain a relationship just desmbed 
This meorporatiem of the acrosome with the nucleus takes place m relation to an 
acrosome seat which begins to be formed quite soon after the acroscmilc vesiola is 
developed 

Tto acrosome seat is formed m the following manner: The acroeomic vegiole developed 
in the ndghbourhood of the nucleus becomes olosdy pressed against its wal} The first 
trace of an aorosome seat is in the fonn of a shal^ cup in the nu< 42 ns in irhioh lAie 
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spherical aorosome is lodged (Fig 3) The nm of this cup is streagtlionod by a spooled 
fibre which stains deeply with haematoxylm From the run arise a number of deeply 
stamed strands wlueh meet in a granule at the bottom centre of the cup In a polar 
view the acrosome seat now looks like a deeply staining ring from whicli three or four 
strands arise and meet in the central granule The whole structure can be compared to 
the Hm, the hub and the spokes of a wheel, whore the huh and the nm are not m the 
same plane, and where the former is at a lower level than tlic lattei 

In the next stage of its development a plug, also deejih stained, arises from the 
central granule of the cup and projects mwards uito the nucleus Tins is clearly soon m 
Figs 4-7 and forms a conspicuous featuie of the nucleus in earlv stages of spermatolcosis 
It IS the most important part of the acrosome seat, for it is the fore runner of the deep 
pit in the nucleus of the npe sperm mto which the plug of the a(*roHome fits In Bouin- 
haematoxybn preparations, the plug is deeply stain^ In Maiin-Kopsch and Kolatohew 
preparations it is seen as a dense streak naming mto the nucleus from the base of the 
shallow cup of the acrosome seat The further history of this pit is full of interest in 
Kolatchew preparations The streak soon becomes differentiated into a canal arising 
from the cup, projecting into the nucleus and ending blindlv Sections passing across the 
nucleus at this region clearly show the canalicular nature of this organ and the lumen 
18 also distinct But the most interesting fact is that in osmic preparations, especially m 
Kolatohew material, the wall of this canal becomes dark and can be distmrth seen 1 
have piiotograplied a spermatid showing this remarkable structure (Fig 32) It is from 
an nnstain^ Kolatchew preparation The darkly stamed wall of the pit with the cavity 
inside is clearly'seen It will also be seen that at its mouth the pit bo<*omes slightly 
dilated mto a rounded vesicle whose wall also is osmicated Wlmt imjiortance is to be 
attached to the darkening of the wall of the pit or the vesicular mouth, I am unable to 
say But that this jnt is designed to lodge the plug of the acrosome, there is no douiit 
At first th(' pit IS long, but m later stages and with the progressive shortonmg and 
consolidation of tin* nucleus itself, the pit becomes shorter and in the fuUv developed 
«sperm is seen as a bbnd canal extending some distance into the nu(4eus (Figs 22, 24) 
That this IS intended for the lodgement of the lance-shaped jdug of the acrosome, I have 
no doubt and that this pit and plug arrangement forms the most efficient moons of 
cementing the acrosome to tlie nucleus I am convinced I am also convinced that, of the 
shallow oup and the deep pit that arises from it, it is only the latter that is of importance, 
for m the later stages of sperm formation, when the mudeus bt'comes moie and more 
compact, the shallow cup which was seen in the early stages grofluallv disappears and m 
the niUy formed sperm is not visible at all The arrangement bv which, therefore, the 
acrosome of the npe sperm is anchored to the nucleus is by tlie plug fitted into the pit 
and 18 the most effective manner in which the two are held together T am therefore 
inclined to beJieve that the formation of the shallow oup in tlie early stages is only a 
prelude to the development of the pit and that the former disajipearH when the latter is 
formed T am not aware if a similar mechanism exists and has been reported m any 
other animal and it will doubtless proye a useful contribution to (correlate the form and 
size of the aorosome with the acrosome seat. 

The assumption of the final form and shape of the acrosome fiom the original spherical 
veiuole IB also mil of interest When fimt formed, the vesude m small but by the tune 
it is planted m the onpbke depression in the nucleus it is much enlarged and very con¬ 
spicuous (Figs 3^) Qradually it elongates and assumes a broad conical shape Its 
internal fibre makes its first appearance m the stage shown in Fig 8, and it will be seen 
that a considerable reduction in the size of the acrosome has taken place by how The 
acrosome, which till now is molud(Hl within the cell, gradually pushes out of it as the nucleus 
elongates Ftem now on the defimtivo form and shape of the acrosome come to bo 
eetabbshed The narrowing of its base gives it a bulbous appearance and as the final form 
is reached, remnants of the aorosomic vesicle, unused in the fashioning of the acrosome, 
are seen adhering to its tip and are finally sbughed off 

(e) The nudetts—It has been observed already Idiat the early c^ermatid has a 
spherical nucleus exhibiting a fine granulation. With the implantatiQn of the aorosome 
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and the ccntrioles, the nucleus gradually increases in length till the opposite ends of the 
now elongate nucleus are occupied by the acrosome and oentnoles respectively The 
formation of the acrosome seat has already been described The rim of the oup-like 
acrosome seat as well as the plug that anses from its bottom centre are deeply stained, 
the latter entering mto the nucleus to about half its length m early stages (Figs 5-*7) 
The nucleus continues to elongate and is seen gradually to lose some of its stommg capacity 
till at the maximum stage of its elongation it stains faintly The maximum len^h to 
which the nucleus grows in I6Mhy<yph%a gl%A%nosuB is over 16 microns Such a sjiermatid 
is shown m Fig 9 It will bo seen that the acrosome is well placed on the nucleus antenorly 
and has a bro^ conical outime with the central fibre m a Ime with the lance-shaped plug 
penetratmg mto the deep tubular acrosome seat At its postenor aspect the nucleus shows 
distmotly the nng centnole (proximal centnole) stuck to it, and the granular centnole 
(distal centnole) with its filament has passed through the nng and has become mcorporated 
m the nucleus 

The next change m the nucleus is the contraction m its size, both m length and ui 
girth The first stage m this contraction is illustrated m Fig 10 It will be seen tliat the 
contraction begins at the postenor end of the nucleus In the earlier stages the thickness of 
the nucleus is very much more than the diameter ot the disc-shaped proximal centnole 
whioh therefore occupies a small area at its postenor end Qradually the diameter of the 
nucleus is reduced till it is the same as that of the disc-shaped proximal centnole (Fig 10) 
This nuclear contraction begins close to the centnole and gradually extends forwards till 
the whole nucleus assumes the shape of a deeply stained homogeneous oylmdncal rod with 
the fiat disc shaped centnole attached to its postenor end There is a shortening m the 
length of the nucleus also till in the final stoges of contraction the nuclear length and 
diameter are 8 and 2 microns respectively, while m the stage of maximum elongation the 
measurements were 16 and 4 microns respectively Correlated with this shortening in 
length and reduction m size, there is a progressive morease m its basophily till the nucleus 
m the adult sperm stains very mtensely with basic dyes 

At the first sign of contraction of the nucleus, which, as has been observed, begins 
at its postenor end, a small space appears around the contractmg nucleus (Figs. 10, 27) 
This clear space has a defimte wall which separates it from the surrounding cytoplasm 
and it 18 seen that the postenor end of the nucleus is fireely suspended m it Its size and 
shape lead me to believe that the space originates after the beginmng of the contraction 
of the nucleus and has indeed been brought about as a result of it The wall 
bounding the space recalls the extent of the nucleus before contraction and its size 
closely corresponds to the onginal size of the nucleus. So the conclusion appears to me 
inescapable that the space is formed as a result of the contraction of the nucleus and that 
its receding wall has left behmd a ddicate membrane which now bounds the space 
Gradually the space becomes larger and surrounds the nucleus both posteriorly as well 
as on the sides This is only to be expected as the contraction is not only in length but 
also in diameter so that the space is left behmd by the nucleus which is shrmkuig m length 
as well as m thickness In the stage shown in Tig 28 the space is considerable and is 
found posteriorly and laterally also It is not found anteriorly, i e m the acrosomal 
region, which mints to the oonolnsion that tiie contraction m the length of the nucleus 
takes place omy posteriorly, the antenor end, as a fixed body, drawing the mstenor 
end into it This is confirmed hy the fact that the gradual inoreBse m the basopimy of the 
nucleus, referred to above, also begins at the postenor end and moves on towards the 
antenor end of the nucleus (Fig. 10) So the beginning of the oonsohdation and con¬ 
densation -of the nucleus is first seen at its postenor oentrosomal end gradually affecting 
the whole nucleus m a forward movement of the process 

It has been observed that the space m question is formed in place of the 
nucleus durmg the process of contraotim in size, and appears as a clear area behind 
and on the sides of the nucleus The axial filament alone passes through this space into 
the cytoplasm behind and so out of the cell No other contents oodd made out in the 
cavity That it has some kind of bounding membrane Is undoubted But how this 
membrane is formed and what its structure is, I cannot say But it is not far wrong to 
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surmise that since originally the nuclear wall occupied this {losition, in the process of its 
contraction it has left behmd a membrane The space becomes larger and surrounds the 
whole nucleus except antonorly But later it becomes drawn out backwards and comes 
to occupy, mostly, the posterior region of the nucleus and lies as a clear vesicular blob 
behind it Examination of this and the succeeding stages reveals very interestmg facts 
The space with its transparent membranous wall is pushed backwards from the sides 
of the nucleus (Pig 11) and in the stage illustrated in Pig 12 occurs as a tube completely 
and entirely post-nuclear in position and surrounding the axial filament At this stage 
no trace of the space is found at the sides of the nucleus This backward migration of 
the original oiroum-nuclear space can easily be traced to its final post-nuclear position 
around the axial filament 

It has already been observed (page 272) that liehind the nucleus of the adult sperm is a 
conspicuous region consisting of a tubular sheath in which the mitochondria were arranged 
as a spiral investment around the axial filament The cavity of the tubular sheath is 
the space we have been following so far and the wall of the sheath is the membranous wall 
of the space (cf Figs 13 and 21) So far as the examination of my material goes, T am 
convuiced that the space around the nucleus seen in f»arly stages becomes later the 
cyhndrical tube of the ^middle piece' within which the mitochondrial investment around 
the axial filament is seen 

(d) The Oolgt bodies —The Golgi bodies can be studied very well in Mann-Kopsch and 
Kolatohew preparations After having taken part m the secretion of the aciosomic 
vesicle they travel backwards alongside the elongating nucleus This backward move¬ 
ment of the Qolgi bodies begins at a stage illustrated in Fig 17, and h> the time the stage 
shown m Figs 18 and 32 is reached all the Golgi bodies havc^ migrated posteriorly and 
have become grouped m the cytoplasm m that region Towards the end of spermateleosis 
these Golgi elements are oollectwi together and sloughed off m the) residual protoplasm 
(Pig 20) 

(e) The Mitochondria —The history of the mitochondria, on the other hand, is slightly 
more complex In the spermatid they are in the form of granules scattered m the 
cytoplasm with a slight aggregation about the s])here As the nucleus elongates the 
nutochondria move down the cell and at the stage represented m Fig 18, where the Golgi 
iHxlies have occupied a post-nuclear position, many of the mitochondrial granules have 
come to occupy this region In this position the imtochondna become more closely packed 
around the axial filament of the tail m the form of a spiral (Figs 21, 22) This spiral 
disposition of the mitochondria is seen well m all osmic and chrom-osmic matenals But 
in Bourn preparations the mitochondna arc not seen and all that one notices is the 
cylindrical tube of the ‘middle piece' through which the filament passes (Fig 13) 

The axial filament of the toil and its spiral investment of mitochondria are externally 
bounded by a fine transparent sheath This sheath, which is in the form of a cylindrical 
tube, arismg from the posterior aspect of the nucleus extends over 5-6 microns The 
development of this sheath and the details of its formation I have already dealt with 
The mitochondrial investment within the sheath enclosing the base of the axial filament 
marks the 'middle piece' of the sperm of Jc/Uhyophis 

The axial filament during its passage through the middle piece is devoid of 
its undulating membrane and acquires it only as it leaves the tube as a free filament 
It 18 probably devdoped, as in other animals, as an extension of the filament itself 

The early spmnatids bound an irregular area in the deeper parts of the testis locale 
and as spermateleosiB advances, they become more and more a compact mass of oeBs 
till finally the spermatozoa, when fully developed, arrange themselves to form a hollow 
hemisphere, whose wall is made up of the nuclei, whose aorosomes are directed towards 
the cavity of the hemisphere and whose tails are turned away from it. In this position 
the final stages cf spermateleosis are passed through, after which the arrangement is 
brokm up, and the sperms, about to be shed, lie scattered in groups m the substance of 
the looule They later make their way mto the fiinnel-shaped space at the mouth of the 
duct into which they are fed and are carried away 
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Dl80tTSSION. 

From the above account of the Bpermateleosie of leMhyophtB ghdxmms it will be 
clear that the problem of sperm formation in Apoda is full of interest. The adult si>erm 
itsetf resembles that of the Anura and is very different from that of the Urodela. The 
presence of tlie two centnolcs (proximal and distal) m close proximity of the nucleus and 
also of the post-nuclear mitochondrial aggregation constitute features of similarity with 
the anuran sjiorm, while absence of the characteristic modifioatioris of the oentrioles found 
m the Urodela clearly takes the Apodan sperm awav from the Urodelan The enlargement 
of the proximal centnole to form the conspicuous body or the elongation of the nng- 
shaped distal centnole both of which are characteristic of the Urodela are absent from 
the Apodan sperm The developmental history of the sperm of Ichthyophis lends support 
to this conclusion 

The Ceninoles —^The early spermatid m all Amphibia shows two centrioles, which at 
first are granular but which lat^ become transformed along two different hnes in the 
Anura and T’^rodela In the Anura (Broman, 1900, 1901, 1907, King, 1907, Champy, 
1913, 1923) they remam as simple granules, close to each other behmd the nucleus In 
Hybi (Retzius, 1906), however, they are separated over a short distance In the Urodela 
(Meves, 1897, Macgregor, 1899, Term, 1911, Champy, 1913, Bowen, 1928; Gatonby, 1931) 
one of the centrioles,—^the proximal,—enlarges into a conspicuous cylmdnoal stmoture 
stuck to the posterior end of the nucleus (often tallvd the ‘middle piece*), D^ile the distal 
centnole becomes a rmg and is elongated m the form of a pessary-shaped structure 
running over a considerable distance along the tail The condition of centriole modification 
in the Apoda as exemplified by Ichthyophis appears to be intermediate between these two 
extremes It is neither so simple as in the Anura, nor so complicated as in the Urodela 
The proximal centnole is converted into a nng (unlike the iirodelei where it is the distal 
centnole that becomes rmg-shaped) and becomes a flattened plate or disc with an orifice 
m the centre This flat plate is stuck to the postenor pole of the nucleus m the same 
ma^er as the proximal centnole of the Urodela The distal centnole, on the other hand, 
remains simple, and with its filament passes through the aperture of the flattened proximal 
centnole and enters the nucleus 

The conversion of one of the centnoles into a rmg has lieen desenbed in a number 
of Amphibia, and m all these cases the rmg is formed before the centrioles come m contact 
with the nucleus It is common, therefore, to see in the c^ixiplasm of the developing 
spermatid, the two centnolcs free in the cytoplasm, one of them m the form of a rmg 
The attachment of the centnole (or centnoles) with the nucleus takes place afterwards 
In this respect, Tchthyophis differs from the other Amphibia In this animal, and probably 
m other Apoda also, tlie nng centnole is never seen free m the cytoplasm and the con¬ 
version of the proximal centnole into a disc-shaped nng takes place only after its attachment 
with the nucleus and never before Pictures, therefore, simw to those in other Amphibia, 
where the nng is free in the cytoplasm are never met with m lehthyophia 

Broman (1907) has noticed in Sema fusca that whem the oenMolea migrate deeper 
towards the nucleus from the penphory, the cell membrane also becomes indented, so that 
the distal centnole with its filament lies at the bottom of a pit-shaped depression and that 
therefore the filament preserves the same extra-cellular position and nature as it iBd 
before, when the distal oimtriole was at the periphery This does not occur m lekthytmhU 
and I have not seen a depression of the oell wall following the mward migration of the 
distal centnole If this difference means anything at all, it means that the relation 
between the distal centnole and the cell membrane is far more intimate m Sam fueca 
than it IS m Ic^ihyophte and many Urodela and Anura, where also tiiie distal centriole 
along with its filament simply moves through the cytoplasm towards the nucleus. 

The Acroeome —That the acrosome is the woduct of the Golgi apparatus of the 
spermatid is well known but the details of its formaticxD and also its rdatioiiship with 
the nucleus are not clearly understood The form, siae and shape of the acrosome are 
subject to great variation among animals and the manner of Hs formation and the 
mechanism by which it Is fitted on to the nucleus become matters of gnat interest. The 
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xeaBon for the husk of our knowledge of this aspect of Bperm-formation is due, partly as 
Gateuby (1931) suggests, to the fact that the development of the aorosome is screened 
by the large acroblasts, and partly also to the relatively greater attention paid to the 
dbanges in the posterior part of the nucleus (because the contrioles occur m this region) 
rather than to ^e anterior 

It has already been observed that the acrosome m Ichthyophts is incorporated with 
the nucleus of the growing spermatid with reference to an acrusomo scat The only other 
case of an amphibian where an acrosome seat has been described is that of the urodele, 
DemognaihuSt where the details of the association between the nucleus and the acrosome 
have bmn deaonbed by Gatenby (1931) This author finds in the Hpermatid of Desmogna- 
thus a number of granules in the neighbourhood of the forming acrosome, which evontuallv 
*closo up together and form an aorosome seat’ Into this seat, which is in the form of a 
shallow cup m the nucleus, the acrosome is later fitted 1'he acrosome seat is, therefore, 
a new structure desonbed by Gatenby for the first time in vertebrates But granules 
Bunilar to those which Gatenby desenbes had been reported earlier Meves (1897) in 
the salamander, by MacGregor (1899) m Amphtvma, hy Term (1914) in Gectriton and by 
Bowen (1022) in Plethodon But none of these authors had followed the fate of these 
granules or detenmned their sigmficance and it is Gatenby who has studied their real 
nature and has associated them with the formation of the acrosome seat 

Tt must be emphasised that an acrosome seat can clearly be made out in the developing 
Hpermato7(x>n of Ichthyophis gluttnojius and though I am unable to detect anv gi amiles 
tbat give nse to it, the presence of an acrosome seat is beyond doubt It forms a 
conspicuous organ of the dovolopuig spermatid In fact, it is much clearer than in the 
urodele spermatid Unfortunately, Gatenby has neither figured nor descTibecl the later 
appearance of the acrosome seat m Deamoffnathus or any othei urodele In this respect, 
therefore, my study of the acrosome m Ichihyophts is an extension of that of Gatenby and 
T might mention hero that the problem of the acrosome seat and its formation is a fmitful 
field of study, not only in vertebrates but in invertebrates also seeing that the aorosome, 
of all things, is the most variable m the sperms of animals 

The details of the formation of the acrosome seat have been described earlier That 
it IS formed in a manner different from that in Deamognaihv>s as desenbed by Gatenby is 
clear In Demognathus a number of granules are found around the acrosome and these 
run together and form the aorosome seat It is at this stage tliat Bowen (1922) saw the 
granules m Pkthodon though it was not clear to him what purpose these granules served 
They ore said to be best preserved in preparations made from aoetie-free fixatives, though 
Gatmby himedf has seen them in ilemmmg-acetic fixed material The details of the 
manner in which these granules * close up together’ to form the aorosome seat have not 
beem desenbed either by Gatenby or by any other worker Had thej been, thev would 
have constituted a very interestmg chapter m spermateleosis 

In Iddhgoi^ta I have not seen m any stage of spermateleosis, the granules that 
Gatenby, Bowen and others have described* Since readmg Gatenby’s paper, I have 
diligBntiy looked far them in material prepared in a vanety of ways,—in preparations 
made mm aoeUo^firee fixatives, m Da Fano-haematoxylm preparations, m ohrome-osmio 
pirqparationB and m Flemming material with and without acetic acid, but have not found 
them. The vanety of treatment that my material has received u so great that if the 
mnnules were present ^ey would have turned up m one or the other of my slides 
Bowen's figures of Pkthodon spermatids (Cajal-gold ohlonde-haematoxylin preparations) 
indicate that the granules are numerous and of large sne, and these figures as well as 
those of Gatenby would have enabled me to identify the granules, were ^ey present. I 
am, therefore, eonvinoed that these granules are not present m IchihyQph%$ spermatids m 
nny stage of aorosome formation 

The further history of the acrosome seat, the final form it takes and the manner in 
which the ultimate relationship between the aorosome and nucleus is established m the 
ripe qiematoKOon have already been desenbed at length, and in the absence of previous 
atudiea on the subject, I am able to say no more at present than that future work will 
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throw more light on this interesting problem of the association between the aorosome and 
nucleos m the fiageUate sperm 

The Nuckus —Two facts emerge from a study of the changes undergone by the 
nucleus dunng spermateleosiB The first relates to the change m its form, size and shape, 
the second concerns the space that appears round the nucleus m later stages. I shall deal 
with these two separately. 

The spermatid nucleus is aphencal, and as spermateleoais is initiated it becomes an 
elongated cylmder which grows m length gradually till a maximum is reached (Fig* 9) 
After this maximum pomt in elongation is reached, the nucleus starts shrmkmg m size, 
both in length and in girth, till the final compact cylmdncal homogeneous rod which is 
the nucleus of the adult sperm is reached (Fig 13) The condensation and oonsohdatiou 
of the nucleus begins posteriorly and extends forwar<ls as illustrated m Figs 10, 27 and 28, 
tdl the whole nucleus is afiected by it The change from the sphenc^ nucleus of the 
early spermatid into the cylindncal rod-like nucleus of the adult sperm is, therefore, one of 
the fundamental factors in spemiateleosis In this change there is al^ a reduction in 
volume of the nucleus It is generally understood that the nucleus of the adult sperm 
IS a highly concentrated mass of chromatm where no non-essential element is included 
while nucleus of the spermatid has, besides chromatin, other materials, of which fluid 
is an important constituent In the (*hange from the spherical spermatid nucleus to the 
cylmdn^ rod nucleus of the spermatozoon is also involved a process of considerable 
r^uction m volume The exact relationships between the volume of the spermatid 
nucleus and of the spermatozoon I have reserved for a future commumoation where 
1 hope to deal with the precise nature and extent of these volume changes m the different 
examples of Apoda 

The second pomt of interest that relates to the nucleus is the space that appears 
around it, especially postenorly, as the nucleus contracts It has been observed that 
as the nucleus, after it reaches its maximum elongation, commences to contract, a space 
appears around the contracting nucleus, at first postenorly, and later on the sides also 
This space appears to have a definite wall, and, gradually moving backwards, assumes 
a post-nuclear position m the form of a cylindrical tube This tube is the sheath of the 
'middle piece' of the sperm of IcMhyophts 

A space around the nucleus dunng spermateleosis has only been studied by Qateuby 
(1931) m Deemognathus, but he neither accounts for its ongm nor does he trace its fate 
He finds the space on the sides of the nucleus and not postenorly No other account of 
this space is found m hterature, so far as 1 am aware, and my conclusions regarding the 
space as the fore-runner of the tube of the 'middle piece' mark the first attempt at 
accountmg for the ongm and tracing the fate of this structure 

There is, however, one apparent difficulty in accepting this interpretation The 
space, as we have seen, is ongmally formed as a clear vesicular cavity separate from the 
cytoplasm and remams so for a considerable penod of its existence The question arises, 
—^how then have the mitochondria which are in the oj^plasm and ouk%de the space, 
come to be included tnstde it m the final stages ? It will be seen that the extent of this 
difficulty d^ends on the importance attached to the closed nature of this space For, 
if it IB a cavity completely out off from the cytoplasm throughout its existence, then 
obviously the presence m it of no cytoplasmic matmal can be explained But then no 
such smm is seen m the later stages, either bdimd the nucleus or Burrounding it. In 
fact, the presence of this clear traiurparent vesicle is as ohoractenstio of Ihe ear^ stages 
as Its absence is of later ones On the other hand, it is not impossible that this space 
is, even from the beginning, open postenorly lliere are two reasons for this possibuity. 
First, if the wall of the space is caused, as it has been assumed, by the shrinkmg of the 
nucleus, then necessarily it is moomplete posteriorly; for here, there is no nuclear wall 
but the broad diso-hke proximal oentnole. Secondly, from the very start there is bound 
to be an orifice, or at least an incompleteDeBB m wall, for the passage of the axial 
filament It is preoiselv at this postmor position that the wall is absent m the adult 
sperm The sheath is hhe an open cylindncal tube, one end of which is stuck to the 
rntdens, while the other, the posterior end, is free and open, I believe that it is at this 
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open poBtenor end of the elongating sheath which is oonung to occupy the post-nuclear 
position that the xmtoohondria move up and arrange themselves m a spiral fashion No 
other explanation appears possible No other organ could possibly give nse to the tubular 
sheath the 'middle piece’ and no other organ could have originated from the ciroum- 
nuclear space and its wall 

To my knowledge this is the first time an attempt to account for the tubular sheath 
of the 'middle piece' of the sperm and to correlate it with the oircumnuclear space is 
made. The ne^ to distmguish between the mitoobondnal spiral and the tubular sheath 
that invests it is clear, and while the earlier studies on Amphibian sjicrmateleosiB contained 
merely the observation that the mitochondria aggregate around the base of the axial 
filament, here is ofierod for the first time an mtimate and detailed picture of the stnictun^ 
of the'middle piece’ and an effort has been made to explam and interpret it 

The Golgi Apparatus —^The only function of the Golgi apparatus in the spennateleosis 
of IcMhyophis gluitnosus appears to be the secretion of the acrosome After that is done, 
the discrete Golgi elements, into which the onginal more compact structure breaks uj), 
move backwards and are collected m the residual cytoplasm to be thrown away Gatonb>'' 
(1931) on the other hand sees a significance in the backwarrl migration of the Golgi bodies 
In the urodeles he has studied, he thinks it possible that the Golgi bodies, after reaching 
the post-nuclear region contnbute in some manner to the formation of the clear space 
found behind tlie post-nuclear plate m these ammals This space is further supposed to 
contain a fiuid contributed by the idiozome The post-nuclear sjiace has been noticed 
earlier by Maegregor (1899) m Amphiurna but he has accounted for its ongm from the 
remnants of the sphere, which according to him, migrates backwards to the post-nuclear 
region In Ichihyophis neither the post-nuclear plate nor the clear vesicle is seen and 
1 have at the moment no means of explaimng the backward movement of the Golgi bodies 
except to be sloughed off (Fig 20) The question of the persistoice of the Golgi bodies 
m the adult spermatozoon has been raised by Gatenby (1931) who, following Term (1922,) 
IB not sure that they are not present m the npe sperm I have not used any special methods 
for the detection of the Golgi bodies m the fully formed ripe sperm, but from the examma- 
tion of sections and smears prepared in a variety of ways, I have not seen them m the 
npe sperm and it can be stated with a fair amount of cortamty that oU the Golgi bodies 
are thrown away m the scaled off protoplasm It therefore means that while in the 
Urodela, the Golgi-idiozome complex has a dual function, i e that of produemg the 
acrosome m front of the nucleus and the i>ost-nucIear vesicle behmd it, m Ichthyophts^ 
os in the majority of ammals, it has a single function,—^the formation of the acrosome 

The Milochondna and the *middh piece* —^The mterest attached to the mitochondna 
lies in the fact that they persist in the adult sperm. They are arranged m the form of a 
spiral aggregation around the axial filament behind the nucleus to constitute the 'middle 
piece’ of the sperm of Ickthyophs In this animal, therefore, the 'middle piece* is a 
mitoobondnal one and so far as the oentnoles are concerned, is entirely posterior to both 
of them. 

Hie term 'middle piece’ is used more for oonvement usage than for designatmg a 
particular structure of the sperm, and a review of the constitution of the sperms iff different 
animals shows that the term is used to denote a port of the sperm showing great variation 
m structure. Hie 'middle piece’ of an insect sperm is quite different from the mollusoan, 
anuran, urodelan or mammaban ^erm In the insect, the short region behmd the nucleus 
where the two centnoles are lodged, is termed the 'nuddle piece’ while the mitochondrial 
mvestment of the tail, vdiich is of considerable length, is not reckoned in this defimtum 
In the mammal, the two centnoles (or tlie products of their division) are separated by a 
shorter or longer distance along the sperm behmd the head and this region, vdiether 
associated with mitochondna or not, is called the 'middle piece’, the extent between the 
two oentnoles being used as a entmon of consideration In the anurous amphibian, 
the two oentnoles are lodged close together behmd the nucleus but the mitowondna 
mvest the axial filament behind the oentne^ over a short distance, this part beixig called 
the 'middle piece’ In the 'mid^ piece’ of the anuran, there is no part of the oentnolar 
apparatus included The oentnoles are placed close together m the neck and the 'middle 



284 B R SBSHAORAB THE SFEBMATOOSBBSIS OF JCffTEtTOPaiS OLVTINOSVS UNR. 


piece’, which is purely mitoohondnal, is postenor to it In Hyla however, Retzius (1906) 
has noticed a spacing of the oentnoles, which are placed one behind the other, with a gap 
between them, marking ofi a ‘middle piece* m the true mammalian sense of the term 
Lastly, in the urodele sperm which is one of the most unique in ammals, following the 
head is a very large and elongate proximal oentnole which is called ‘middle piece* and 
be^id it the distal centriole is drawn out over a considerable distance as a greatly elongate 
penary shaped structure From this it is clear that the term ‘middle piece* is a vague 
and loosely applied one denoting a more or less clearly differentiated part of the sperm 
that follows the nucleus, irresimotive of its constitution or structure and it will be seen 
that while m some, the centnoles and their extensions mark the ‘middle piece*, m others, 
the mitochondria do 

In this respect, a (‘omparison of the Apodan ffperm as exemplified by that of IcMhyophia 
with the types desenbed above, is very interesting As already observed, both the 
centrioles are closely ap])bed to the nucleus, one as a fiat plate with a central perforation 
through which the other, in the form of nn elongated spmdle shaped granule penetrates 
and is sunk in the nucleus No jiart of the oentriolar apparatus is found behind and firec 
from the nucleus in the sperm of Idithyophts The ‘mid^e piece’ of this sperm is merely 
the base of the filament envelojied by the spiral mitochondrial investment enclosed in 
its sheath It extends over 6 to 6 murons and is the only conspicuous jHirtion of the 
sperm behind the nucleus Behind it the axial filament is free os a long vibratile flagellum 
and IS provided over a greater part of its length with an undulating membrane The 
‘middle piece* of the sperm of Ickthyophtn resembiee that of the anuran sperm where also 
it IB mitochondrial and not controsomal 
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The aorosome of IcMhyophitt gluhnoswt is a bulbous body and is attached to the 
nucleus of the sperm in connection with an aorosome seat consistmg of a lance-shaped 
plug from the acrosome which fits into a deep pit m the nucleus 

Both the centrioles are lodged belimd the nucleus, the proximal nng centnole is 
appli(9d to the nucleus posteriorly as a flat disc witli an orifice m the centre, through which 
the distal centriole carrying the filament, is stuck in the nucleus 

The ‘middle piece* consists of a spiral disposition of mitochondrial granules around 
the base of the axial filament, lodged in a tubular sheath It is purely a mitochondrial 
‘middle pie^'e*, there bomg no part of the centriolar apparatus moluded m it 

The tubular sheath of the ‘middle piece* is formed from the i^ace that arises posterior 
and lateral to the nucleus as the latter shnnks in size durmg the later stages of sperma- 
teleoBiB The mitochondria migrate mto it later 

The Gkilgi-idiozome complex, after the secretion of the aorosome, breaks up mto 
distmct Golgi bodies, which travel backwards and are discarded with the sloughed off 
protoplasm. 

The axial filament oarnes an undulating membrane over the greater part of its free 
length 
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Explanatiok of Plats III 


Fig 26«—^Photomiorograph of oarly spennatidB of IchthyophiB grZuitnoatM showing the acroeomir veRiole, 
acroaoEOe seat and the poatenor centriolea The figment also is seen X ca 733 

Fig 26 —I^ater epennatids lUiistratuig oloser mcoxForation of the centnoles with the nuoleus T^ie 
ring oentnole Is stuck postenorly while tho apmdle^haped distal oentnole, passing through 
the ring baa entered the nucleus X oa. 733 

Fig 27 —^Later stage in spermateleosis The nucleus has elongated and has become narrower The 
contraction of the nucleus has begun postenorly and the space around the contracting end 
has made its appearance. X oa 733 

Fig 28 —The contraction is more pronounced here and makes tho postenor part of the nucleus look 
much darker and moro deeply stained tlian the antenor The space around the postenor 
end IB clear The plug hke aoxosome seat is also seen. X oa, 733 

Fig 20.—liater stage Closer examination shows the diso>like oentiiole stuck to the nucleus postenorly 
as a plate and a mm^staining area separates the two. X ca* 733. 

Fig 80—Photograph showing the form of the aoroBome in the fully formed speim. Xeo 788 

Fig 81 —Early spermatid showing the aorosomio vesiole at one pole of the nucleus and the Qolj^ bodies 
around the vesiole l^e plug like beginning of the acrosome seat is also seen llie suto- 
ohondria are granular X oa. 1466 

Fig. 82 —Later stage or spennatid showing the Qolgi bodies aggregated posteriorly. The detailed 
structure of the acrosome seat is clear X ca 788 

Fig 83.—The antenor end of a fdlly formed sperm of /ohthyophts ghUMioaua showing the nudeus, the 
acrosome, acrosome seat and the mitochondnal middle piece X oo. 2200. 
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ON THE RAMAN SPECTRA OK A FEW ALKYL SUL[*HH)ES l\ 
THE SOLID HTATK 


JU/H C SiRKAii, DiSfr FA / ///wZ B VI H(sh(/i, II tSr 
{Reretvefi Sepiewher 16, IU4i ) 

Vhstrac’t 

The Rainaii Bptsctra of methyl, ethyl, propyl oiid butyl Bulphido hove been ntudud in the liquid 
Btftte and in the wlid Mtato at the temperature of liquid nxyKen The polarisation of the lnies in the 
liquid state has also been studied in the present invest4(aiu>ti Disappearance oi somr^ promment 
Raman Imes and clianK<^ in the relative uitensitios of the Imes with the solidification of the Kubstanm^ 
liave been observed lu each case The causes oi these t hang^'s have been discussed and the f hanges 
have been correlatid m the cases of methyl, ethyl and propyl sulphide to strong association of thi' 
luoleculee in the solid state through hydn^n bond in the first case and x>robably through a sulphui 
bond in the other t^^o cases In the case of butyl sulphide the disappeamnee of the hues is attributed 
to the absence of free rotation alM>ut the C-C bond m the solid state 

Intboductior 

The Kaman spectra of a lai^e number of oi^aiiic oompounde have been inveatxgated 
in the solid state at low temperatures by many workers previously It was first 
observed by Gross and Vuks (1935) that m the case of some aromatic compounds some 
new Roman bnes appear m the low trequenoy region when tlie substancos are solidified 
The ongm of the Imes was attnbuted to lattice oscillations Such intense now Imes 
were also observed later bv Sirkar (1936) in the oaso of simple centro-symmetnc moletules 
such as eSj, naphthalene and p-dichlorobenzeno and it was pointed out by him (Sirkar, 1937) 
that in the cose of naphthalene and jv-dicblorobemstme large changes in the polansabilities 
cannot be jiroduced by intermolecular oscillations m the unit cell of the crystal Although 
a different hypothesis has been put forward (Venkateswaran, 1938) regardmg the nature 
of these lattice oscillations, the large mtensities of the new lines observed m the case of 
centro-synunetncal crystals cannot be accounted for by such a hypothesis 

A second type of change in the Raman spectra was observed by Mizushima ei al 
(1936) m the case of a few orgamc compounds when these substances were sohdifiod 
In the liquid state each of these substancos gives a largo number of Raman lines, but when 
it IB sohdified some of the promment lines disappear This fact has l>eon explamed b\ 
the said authors on the assumption that owing to fiw rotation about single bonds the 
liquid state contains two types of molecules, one of the trans form and the other either 
of the CIS or of the gauche form, and in the sohd state the molecules exist only m one of 
these forms. It is true that this hypothesis can explain the uumbei of lines observed 
in the case of a few substances in the sohd state quite satisfactorily, but from a closer 
exammation of the results reported by the said authors m the case of a few other 
substances it appears that all the Imes obseived m the hquid and sohd states cannot be 
accounted for by such a hypothesis The firee rotation abemt the smgle bond might exist 
m many other aliphatic compounds and it would be of mtoest to investigate whether the 
Roman spectra undergo any such changes as observed by Mizushima et al (1936) when 
these substances are solidified and whether the hypothesis put forward by them can 
account for all the lines observed m these cases Al^ from a comparison of the Raman 
spectra of a lofge number of ahphatio and aromatic compounds m the solid state with 
those for the liquid state, it might be possible to obtom some information regarding the 
geawral laws which govern fixe intensities of the new lines appearing in the low frequ^y 
region in the solid state With this object m view investigations on the Raman spectra 
of aUphatio and aromatic compounds m the solid and liquid states have been undertaken 
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and the resultn obtained tor methyl, ethyl, propyl and butyl aulphide are diHC^uaeod in 
the present paper 

Expekimbktal 

The investigation of Bainan spectra m the sohd state of substances which are in the 
liquid state at the room temperature is beset with the difficulty that if the liquid is 
solidified by immersing the glass tube containing it m a refrigerant such as hquid oxygen, 
a translucent white mass is obtained in most cases Stray light is so mtense in comparison 
with the hght scattered by molecules m these cases that it is difficult to get the Raman 
Imes photographed with any clear background To overcome this difficulty, Musushima 
Pi al (1938) used a hquid liath which was cooled by immersion in liquid oxygen, so 
that the solid moss obtained was sufficiently transparent Tn the present investigation a 
shghtl> different method has In^en used so that the substaiu os havmg freezing pomts, which 
aie slightly higher than the boihng point of hquid oxygen, as well as those solidifying at 
tem|)eratuios only a few degnM^s below the freezing point of water, can be in\estigat(Hl 
with this arrangement 

'Hie liquid distilled in vacuum is put in a double walled oyluidrual vessel, and in 
ordti to evacuate the volume between the two walls a side tube is connected through a 
stop-(.u(k to a pumping system Dry air can be introduced at any desired prc»SHurc 
through another stop-cock (onnocted to the side tube When initially the double-walled 
vessel IS inserted in liquid oxygen contained m a larger Dewar vessel, tlie pressure 
inside the annular space IMwoen the two walls is made very low and so the rate of cooling 
of the liquid becomes very slow When the substance is sohdified, the pressure inside the 
annular space is laised ^owl> fiy introducmg small quantities of dvy air through the 
second stop-cock mentioned above and finaUy the pressure is made equal to the atmospherK 
pressure so tliat the tempuiature of the substance approaoht^s very nearly that of the 
liquid oxygen Suitable portions of the outer l>6war vessel are blackened and tht 
substance is illuminated with the two vertical quartz mercury arcs, the light being focussed 
with the help of two six-mch glass condensers The scattered light emerges through a 
window on one side A short glass tube provided with a side tube is attac'hed to the 
outer Dewar vessel against the window with sealmg wax and its mouth is closed by a 
glass plate attached with sealmg wax The side tube is connected to a pump and the 
tube is evacuated This prevents the moisture from being deposited on the wmdow It 
was observed in the preliminary tests that in the case of any liquid the solid mass, obtained 
with the help of this apparatus, was much more transparent than that obtained by 
immersmg on ordinary pyrex tube containing the liquid in liquid oxygen 

A Euess spectrograph havmg optical parts of glass was used in the present 
mvestigatiou It has a dispersion of about 14 A U per mm in the region of 4046 A U 
A blue glass filter was placed m ttie path of the incident light m order to diminish the 
intensity of the oontmuoua background in the region on the long wave-length side of 
4600 A U and to cut off the hne 6400 A.U The polansation of the Baman lines due 
to the hquid state was studied m each case by photographing simultaneously spectra of 
the vertical and horizontal components of the scattered light with the help of a double 
image pnsm Light from a mercury arc focussed with the help of a condenser was used 
as the incident light in this case also The spectrograms, therefore, <mly indicated whether 
any Baman line was partially polarised or completely depolans^ and no attempt has 
been made to measure the ab^lute values of &otor of depolarisation accurately 

Rbsults akp Dmoossiox 

The results obtamed for methyl sulphide are given in Table I The Bamau spectrum 
of the hquid was studied previously by Venkateswaran (1931), Kohlrausch (1936) and 
MMard et aL (1936). There were some ducrepanoies in the results reported by these 
authors and so Fonteyne (1940), while studying the infra-red absorption spectrum of methyl 
sulphide investigated the Baman speotrum idgo the polarisation of the Raman lines. 
Hia results were compared by him with those of previous workers. The results given by 
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Fonteyne are included m Table 1 for eompanson. Some weak Imes reported by bun 
are not observed in the well-exposed spectrogram due to methyl sulphide obtained in the 
present investigation 

TabijK I 
Methyl milphtde 


Liquid at room tomp 

Solid state at about — 180T 



(Preflont authors ) 

Foutoyne 

PreBcmt authorn 




70 (1), k 



84 (1), k 

285 (ff, P) 

282 (2d), e p>Oa 

338 (1), r 

480 (vw) 

<6/7 

402 (0) « 

090 (M, P) 

693 (88) k,e P 

601 (3b) k,e 

742 (8, D) 

740 (3d) k,e D 

740 (2b) k, e 

01 e ivwb) 



1041 (vw) 

1 

i 

1224 {vw) 

U35 (Od) k 

1 

1325 (w. P) 



1426 {mb, n) 

1424 (2) k,e U 



1440(1) k,e D 

1450 (Is) k,e 

1609 (vw) 



2832 (w, P) j 

2832 (2) k,e P 



2852 (1) k,e V 


2611 (t» P) 

2915 (lOs) k, e V 

2915 (2d) k, e 

2980 {s b , 12) 

2990 (5d) k,e ]> 

2070 (2dd), k, c 


In this table and m the following tables the mtensities are given m parentheses 
The letters s, b and d signify sharp, broad and diffuse respectively The letters k, i and r 
represent exciting hues m Kohlrausch's notation P means p ^ 6/7 and D means p as 6/7 
The results given in Table I differ shghtly from those reported earlier (Sirkar and 
Bishui, 1943) m this respect that a Ime 1440 has been observed later to bo just resolved 
from the stronger line 1424 and the polarisation of the line 282 has been given more 
precisdy Formerly it was given as p 6/7. According to FonU^yne tins Ime is well 
polansi^ Actually, however, the value of p is greater than 0*6 and less than 6/7 

In the solid state the Ime 282 is not observed, but two new lines 338(1) and 402(0) 
appear m its place The line 1440 becomes stronger and shifts to 1450 while the hne 
1424 which is strongs for the liquid state becomes too weak to be observed and two new 
lines 70 and 84 appear in the solid state Fonteyne (1940) assumed that the molecule 
of methyl sulphide possesses the symmetry of the group C 2 „ and showed that it has 21 
fundamental modes of vibration He also made assignments of some of these vibrations 
to the Baman Imes observed Thompson (1941) more recently studied the infra-red 
spectrum of this substance and revised some of the assignments made by Fonteyne 
According to both of them the hne 282 is due to the C-S-0 deformation oscillation 
According to Thompson the hne 1424 is due to the CHs bending oscillation symmetric to 
the plane of C-S-0 wd the line 1440 to similar vibration either totally s^mmotric or anti- 
symmetno to cr^ and oy and B 3 rmmotnc to the twofold axis. The assignment of the latter 
hne was not definite because its polarisation was not given by Fonteyne. This hne is 
now observed to be depdarised and so it should be identified with given by Thompson 
Thus the ftequencies of the G-S-G and GH^ bending oscillations are observed to undergo 
changes with the solidifioation of the substance There is also marked change in the 
relative intensities of some of the lines with the solxdifioation For mstanoe, m the liquid 
stste the line 2915 (h) is more intense than the line 693 (h, e), but m the solid state the 
intentity ratio is imereei This change cannot be due to the absorption of the line 
281S in the solid state owing to its high degree of polwnaation, because the line 693 is abo 
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highly polansed and its intensity would also be reduced in the same proportion had such 
absorpteon teJ^en place in the crystal On the other hand, such a change in the relative 
mtensities of the hnes might be due to the presence of strong association of the molecules 
m the solid state through the hydrogen tond This view is corroborated by the fact 
that the line 1426 due to the bending CHg oscillation symmetncal to <r« is weakened very 
much in the solid state It appears these results that the plane of symmetry through 

the angle is probably not ])resent m the solid state as far as the hydrogen atoms are 

concerned The angle dsb probably does not change with the sohdification, because the 
lines 693 and 740 due to C8 valence oscillations do not shifb appreciably The origin of the 
lines 70 and 84 might be traced to the mtermolecular oscillations and the strong association 
through the hydrogen bonds mentioned above may be responsible for theii appearance 

Ethffl sulphide 

The lesults foi ethyl sulphide are given in Table If These have been colieoted 
from a good spectrogram obtained recently after repeated trials The polarisation of the 
Imes given in Table II are those obtained in the present investigation No such data 
were reported by previous workers The Raman spectrum of this substance was studied 
previously by Venkateswaran (1931)» Meyer (1931 h Matossi el al (1931) and Thatte and 
Oanesan (1933) The hnes reported by these authors are all given m Table IT No 
special attempt lias been made in the present mvestigation to record the very faint lines 
for the liquid, because it was found impossible to detect such Imes m the case of the solid 
state owing to the presence of unavoidable stray hght Table II shows that the hnes 
640 and 657, which arc prominent in the liquid state, disappear in the solid state, although 

the neighbouring line 690 is quite intense tn the solid state If it is assumed that the 

angle is less than 180°, the line 690 may be ascribed to the ^6 antisymmetno oscillation, 

TABX.K II 
Nthyl itiiJphtde 


T«i(|ni<l rtt room temp 


Priviniitt uuthorH 


Pioneiit AutborK 


Solid At ca -^180®C 
(Pronent authors) 


S40 (3) 
657 (3) 
693 (3) 
796 (Odd) 
976 (2) 
1020 ( 0 ) 
1050 (0) 
1070 (0) 
1256 (0d\ 
1383 — 
1426 (Id^ 
1456 (8d) 
2874 (3) 
2012 (0) 
2930 (8) 
2070 (2) 
3010 — 


302 (0)«, 
386 (0)e, 
391 (0)e, 
640 (2)A.e, 
657 (2)A,e, 
690 (2)A, r, 

976 (l)A, e, 

1048 (0) A, e. 
1070 (0) A. f. 


1426 (2) A, 0, D 

1466 (2) A, 0, D 

2874 (2) A, 0. P 

2930 (6) A. 0, F 

2970 (3) A, 0, n 


P 

P 

1* 

P 

P 

p> 6 
<6/7 
P 


88 {3d) k 
340 (1h)A 


690 ( 80 ) A, e 
973 (U)A, I' 


1426 (Id) A, c 
1456 (Id) A, f 
2874 <2d) A, c 

2980 (4d) A, 0 
2970(2) A, 0 
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although the value of p a|>pears to be less than 6/7, booause there is no other depolansed 
line m this region The line 640 would m that case represent the symmetnc C-S valence 
oscillation The disappearance of the two lines 640 and 6t57 is probably due to a change 

m the angle in the solid state In this case the CHs groups do not undergo any 
change on sobdifioation, because the corresponding lines do not undergo any change in 
uitensity or m frequency with sobdifioation The hypothesis put forward by Mizusluma 
et al that the disappearance of such prominent lines m the solid state is due in many cases 
to the absence of free rotation about the 0 C bond cannot explain the disappearance of the 
hne due to C-S valence oscillation m the present case The hne 88 is due to some mtor- 
molecular oscillation and the association in this case is not through the hvdrogen bond, 
but 18 probably through the sulphur liond 


Table III 
Propyl sulpktde 


Liquid at room temp 


ProviouM authorB 


ProRont aiithorR 


Solid at ca ^1 
(Present authorn ) 


US (IJ 
282 (2) 
380 ( 1 ) 
433 (0) 
050 (4) 
712 (2) 
784 (4) 
7B8 (8) 
850 (3) 
893 (5) 
1032 (8) 
1064 (0) 
1086 (1) 
1293 (3) 
1329 (2) 
1418 (4) 
1450 (2) 
2866 (8) 
2902 (10) 
2927 (10) 
2966 (S) 


282 (2) c, P 

378 (Ob)P 
432 (U) e, 7 

050 iih)k,e, V 

716 (J)*, e, D 

787 (1) k, 0, P 
846 (1) Jfe, e, P 
892 (3) k, e. P 
1032 (5) Jb. e. P 

IOH8(l)ifc,r, P 
1296 (2) I, D 
132a(l)ife; P 
1420 (3) Jb, e, D 
1462(4)ib,c. V 
2868 (8) k, e, P 
2907 (10)*, P 
2930(10)*,f, P 
2966 (8) *, B 


96 (3b) * 

142 (U)e 
160 (lB)e 
272 (2b) « 


726 (l)*,e 
736 (l)*,e 


892 (1)*, e 
1032 (2) *. e 


1420 (Ob) 1 , e 
1462 (Ob) *, e 
2862 (38) *, e 
2910 (6 b) *, e 
2920 (6b) *, «. e 
2966 (2b) *, e 


Propyl mtlphtde. 

The results for propyl sulphide are given m Table III In this case as well as m the 
case of butyl sulphide only those Imes for the hquid state which appeared with appreciable 
mteneil^ have been entei^ in the tables and no attempt has been made to reooM the 
extremely feeble Imes recorded by previous workers It will be observed that in the 
liquid state there are three lines 282 (P), 660 (P) and 730 (D), wfiich probably oormpond 
respectively to the deformation, symmetnc valence and antisymmetric valence oscillations 

of tbe group In the solid state the line 6B0 disappears completely and the Ime 
73S ia apbt up into two hnee 726 and 735 of the same mtensity. Thus in tins ease also 
as in the case of ethyl sulphide there is some distortion of tiw moboule so as to lestnot the 
synunetrie C*S osoUlatioa The lines 892 and 1082 due probabtyto C>C valenoe osoillatioiu 
appear in the solid state. There is a small diminution in tite ftequenoy 2930 of the 0*H 
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The Raman speotra of ethera will be analogouH to thoae of the thioethets mentioned 
above and bo the Raman spectra of a few ethers will be studied in order to elucidate the 
points mentioned above more clearly 

The authors are indebted to the authonties of the Indian AsHotiation for the 
Cultivation of Science for kindly pn>viding all facilities for eariying out the investigations 
at the lalioratories of the Association 
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SPECIFIC IONISATION OF COSMIC RAY PARTICLES 


R L Sun Gitpta, Ph D 

(Communicated by Prof M N Saha, T) So , F R S , F N T ) 
(Rer€%v€d September 16,194 ^) 


Abstraot 

An aroount of tho cloud chamber mvoetigation of the variation of total ionisation with energy 
for electrons, mesons and protons is given Tho predicted relativistic rise of ionisation with energy' 
when tho kinetic energy is above the rest energy of the particle has been verified for electrons up to 
C X 10* e V For mesons there is an indication of the rise in ionisation with energy, but the amount 
of increaRo is lower than that predicted by the theory Altogether 8 protons were observed in 5,000 
photographs Their specific ionisation is m satisfactory agreement with the theory 


Intropttotion 


According to Bloch (1933), Bhabha (1938) and others, tlio total ionisation produced 
by a charged particle per cm of its path la given by — 


dE « --- 




Here N =: No of atoms per i ( of the medium 

Z S3 atomic number, I(Z) *=» mean ionisation potential of the atom 
/ aa 13 6 e V 

V 

m mmaM of tbe elootron, fin - , ro — 


Bloch pnt 


AfiJBma mass and total energy respectively of the charged particle 

E 


M Maximum energy transferrorl to a secondary electron initially at rest 
According to Bhabha (1938) 

2mJlf*C2(y2^1) 

- m«+if»+2OTJfy 

IJp to this time, this formula has not been experimentally venfied over a wide range 
of anergy of particles exceptmg by (brson and Brodo (1938) who earned out measurements 
of total ionisation of Cosmic ray electrons lying withm the energy range 1 x 10^ e v and 
3 xlO^ e V. by counting droplets on photographs taken with a counter controlled chamber 
Their investigation, though of a prebminary nature, provides evidence that the ionisation 
reaches a minimum value for electrons of oneigy 1*5 X10^ o v , and beyond this minimum, 
lonisa^on moreases roughly as predicted by the theory Their observations, however, 
were restnoted to relatively narrow range of energy and only to electronic component of 
Cosmic rays, and as such, left room for f^her mvestigations on the same hne for electrons 
of higher energy and also for meson and proton components of Gosmio rays 

The total ionisation of Cosmic ray particles has been measured by the author m the 
oneq^ range 2 X10^ e.v to 3 x 10^ o v This paper is oonoemed, firstly, with the expen- 
mental venfloaticKn of the energy-ionisation relation for electrons up to ultra-rdativiBtic 
region and, secondly, with the preliminary investigation of energy ionisation relation for 
x&esQina and protons. 
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Experimental Method 

The present mvestigation was carried out by the cloud chamber method at the 
suggestion of Prof Blackett in his laboratory dunng the years (1938-46) The apparatus 
was essentiiJly the same as desenbed by Blackett (1936), though many mechanical 
improvements were made The improvement consists in mal^g the chamber completely 
automatic to the extent that no attention was needed oven during the long periods of 
operation Three dififerent fields were used in the investigation; 350 gauss for jiarticles 
m energy range 1 x 10® e v to 1 x 10^ e v , 2500 gauss tor the range 1 x 10^ o v to 3 X10® 
e V and 8500 gauss for the range 3 x 10® o v to 3 xlO® e v 

The chamber was enclosed m a copper box which helped to keep the temperature 
of the chamber as uniform as possible and thus reduced the track distortion The gas 
mixture m the chamlier was 90% argon and 10% oxygen and the condensant was 70% 
ethyl alcohol and 30% water 

In order to obtam sufficient diffusion of the track to enable the counting of the 
mdividual ions, a delay of the order of ono-tenth of a second was introduced between 
the arrival of tlxe particle and the expansion This delay was controlled by the discharge 
of a condenser through a resistance 

The experimental arrangement was os follows One camera placed at right angles 
to the chamber photographed the tracks for energy measurements, another camera placed 
at the side of the chamber took photographs of the same tracks by reflection on an 
alummised glass mirror jilaced at 22|° to the axis of the chamber By this method both 
the positive and the n^ative ions along the tracks, separated by an elei^tnc^ field between 
the front and the back of the chamber could be photographed and separately counted 
Any loss of ions of one sign could thus be checked by comparing the number of ions 
per cm m each branch of the track Suice the drops were photographed in the side 
camera by light scattered at 46"* to the direction of incidence, the mtcnsity of the scattered 
hght was at least ten times the hght scattered m the normal direction (Webb, 1936) 
^oause of this gam m mtensity, an aperture //6 5 could bo used for the side camera, 
and the entire illummated depth of the chamber could thus be brought into sharp focus 

Tracks of small curvatures were measured by the optical null method (Blackett, 1937) 
and those of larger curvatures wore measured by the superposition of curves of known 
radu For broad tracks, this method is superior to the usual practice of measuring 
oo-ordmates, smee it ma^es use of the whole photographic track as opposed to a finite 
number of points on it The chamber distortion was detemimed by taking at regular 
intervals, throughout the experiment, photographs of tracks without the magnetic field 
Measurements of twelve such tracks gave the mean curvature c » 0 4m"^ The mean 
curvature without field obtained by Blackett (1937) workmg with the same chamber 
with practically no delay was of the order 0 06m"i A decrease in delay would no doubt 
reduce the distortion and mcroase the maximum detectable energy but it would also 
reduce the diffusion of the track which is osseutial for counting droplets along the tracks 
A compromise was thus necessary, and a delay of the order of one-tenth of a second was 
found to be most suitable 


Results and Discussions. 

In 6,000 photographs taken altogether, there were 112 dectron tracks in which both 
energy and ionisation were measurable About a 100 meson tracks were also selected 
out of them for similar measurements In all, mily eight proton tracks were photo¬ 
graphed, of which six could be used for ionisation measurements. The classification of the 
tracks were made in the following way — 

1 . In general, all diower particles were assumed to be deotrons with the exception 
of a few particles of energy 10® e.v., which were considered to be mesons responsible for the 
production of ^knook on’ showers (Bbabba, 1938). It is dear that only one particle 
m a diower can be a meson. Three such partides were neglected in 40 measuied&owerB 
on the ground that their ionisation and energy were consistent with their being mesons. 

5B 
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2 Single particles with energies loss than 40 x 10^ e v not exhibiting abnormally 
largo ionisation were taken as electrons 

3 Single particles m the energy region 2 x 10 * e v to 7 x 10* o v showing heavy 
ionisation were taken to be protons 

4 All other single particles were taken as mesons 

Finally all tlie tracks wore divided into eight energy groups and the mean ionisation 
m each gronp was estimated by taking the average of the mean ionisation per cm of 
eacli individual track m the gronp The numerical results of all observations are sum¬ 
marised in the following table — 


Mean loaisatiou per cm of the track at N T P 


Energy range m e voltfl 

KJeotixm 

Meson 

Proton 

ThCo- 1 
rotical 

Export 

mental 

Thoo 
ret teal 

Expen 

mental 

Theo 

rettoal 

Experi¬ 

mental 

1 Xl0«~fixl0« 

1 30 

JgOtO 7 





fix 10*—1 X10» 

40 5 






lxl 0 »—fixio* 

46 






Bxlo ’—1 Xl 0 » 

53 






1X108—15x10* 

60 

68B±1 6 

30 

41 '5* 0 



fix 10*—1 X 10* 

«'> 

03 0*21 

39 

41 0* 0 

82 

77* I 8 

1 X 10*-3 X 10* 



41 

42 S± 8 



Enorgy above 3 x 10* 



40 

47 0± 7 




In order to compare the experimental results with the theory let us work out the 
ionisation for electrons, protons and mesons separately 
It is easily seen that 


wic*y(y-l) 

1) 


14 


2 wy 


(y*—l)2nic* 


1 + 


2wy w* 


for electrons, 
for protons, and 

for mesons, 


where ilfp at moss of the proton, and = mass of the meson 

There is, however, some doubt as to whether Bhabha^s theory of collision con apply 
to that between electron and electron, for, as we see from the above expression, if an 
electron with energy ywc* directly encounters a stationary electron, it gives the energy 
(y—1 )»ms* to the latter and is itself reduced to rest The total energy of the struck electron 
18 now ywc*, i e the rdles of the two electrons are reversed now But one can easily 
see that such an event cannot take place, because most of the energy of the electron will 
be wasted m radiation It is expected that the value of when the lomsmg particle 
IS an electron is much less than (y—l)mc*, but no lead on this point appears so far to have 
been given by thecxetical workers on the subject 

It can now easily be shown that for the electron, the mimmum ionisation is obtained 
for a vahie of y which satined the equation 
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Thu gives UB y 3*6, for H''« » (y—l)me> at energy of 1 76 X10* e.v. and the valne of 

— comes out to be 61 ions per om The number of ions per om, observed in the 

enerpty retgion 1X10® e v is, however, only 38± 7 This discrepancy between the theoretical 
and experimental values is too lai^e to be accounted fox' by the inaccuracy of the 
observation This confirms our contention that is not given by (y—l)fnc^ at least 
m the case of the electron 



Energy - ionisation curve for (I) Electonss (IDHesone» (III) Protons* 


Fio 1. 

dE 

For mesons (mass » 170m ) and protons, IF. m 2me*(y—1) and — -j- attams a 

fix 

minimum for a value of y satisfying the relation 

1 -log 2-log ^ -4 log v'y5^+2(y*-l) -> 0 

Thu equation is satisfied for y as 3 2, the corresponding eno^gy being 2*72x10* o v f<» 

mesons and 2 944 x 10* c v for protons For meaona fbe theoretioal value of — ^ oocre* 

spondmg to this energy comes out to be 68 ions per om. (talcing 33 5 d.v ■■ the energy need 
up per ion) against <be experimental value of 41 *6^ 6 iona per om. obaerved in tiie energy 
region between 1 xlO* e v to 6xlO* e v. We observe tiiat m the case ni eleotrona aa 
well of meaona the agreement between the theoretical and experimental vafaiea of apeo^ 
ionisation u far from being aatisfaotory It is to be noted, however, tiiat the re^n 
energy detenmned experimentally, in which the minimnm mniaaticm takes plaoe, is rather 
flat (from y M 117 to y ea 11 7) and oomoidea with the regum of minimnm ioniBatlan 
determmed by theoretioal oonaderations 

For protons, only one point on the ourve oould he obtained and detafled oempniiaon 
could not he made with the thecffy 
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The expression « (y—1 )wmj* for electrons w, therefore, not supported by the present 

experiment^ results Either there is somethmg wrong with the oounting of particles, 
or the formula for ionisation re<)tiires modification 

As rogards the second point, it is almost certam that we are not justified m putting 
the mcwn energy of ionisation I(Z) whore f =s 1«3*54 ev, Z=a atomic number For 
nitrogen, it comes out to be about 95 volts But the mean energy of ionisation is known 
to be 35 volts 


Putting I(Z) *s 36 volts (Conduction of Electricity by Gases, by Thomson and 


Thomson, p. 103) m the expression for 


dx 


in the case of mesons, and leaving unaltered 


for the present, we find that for mesons the minimum value ~ ^ obtained for y a 8 8, 

dK 

1 e, when E ^7 6X10® This is maide the flat region, but the value point 

18 86 ions The agreement is therefore worse than before 

Another adjustment is possible if is varied It can easily bo shown that for 
I{Z) «= 13 5Z volts, we obtain the minimum observed value of 38 ions for electrons, if 
oe 1187 e V, and minimum observed value of 41 ions for mesons, if IF,* =» 1127 o v 
There is some evidence that the value of is of the above order, for, if we look at 
the tracks carefully, we find that the number of particles along the track is not iimform 
throughout but some clusters are found at intervals Wo mav take tliom* dusters as 
marking the pomts where the lotusing partido imparts fairly laigo eiuTgv to tlio stnick 
electrons, which produce largo numl^r of secondary electrons and thus lead to the 
formation of clusters The maximum numbei of ions countable in a cluster, in the present 
experiment was 40, henco 40 x33 5 e v »= 1340 v is the maximum energy transferred to 
a secondary electron If wo identify this with IF,*, the discrepant y between the theoretical 
and expenmental values vanishes 

The theoretical energy ionisation curve for electrons has been drawn m Pig 1, curve I, 
with this value of The shaded circles are the mean ionisation pew cm for electrons 
m different energy groups. The agreement of the cxperiraoiital points with the theory 
IS quite satisfactory up to 6 X10® e v It is also seen that the specific ionisation of electrons 
of energy 5 XlO® e v is about 62% higher than that of a meson of the same energy, as is 
demanded by the theory This agreement also gives a further evidence of the validity 
of the relativity theory up to ultra-relativistic region, as modified above 

The theoretical curve for mesons (170in) has been shown m Pig 1, curve II The 
open circles r^resent the mean observed ionisation at different energy intervals The 
statistioal error in each case is lesK than ± 1 The maximum detectable energy was 3 X10® 
e V All the measured tracks above this energy wore included in the last group, the mean 

energy bemg oaloulated on the assumption of ~ spectrum 


Although the expenmental value of specific ionisation of mesons at the first and 
last point is slightly lower than the theoretical value, there is a definite indication of the 
increase m ionisation with energy beyond 2xl0®ev The chance that the observed 
inmoase is due to fluctuation is neghgible. Since the higher energy tracks used for the 
detearmination of the last point on the meson curve may partly be due to protons, and smee 
in this region protons ionise less than mesons, the actual ionisation for the mesons alone 
should be larger. A mixture of 10% xiroton and 90% meson would give nse to the 
observed deviation from the theoretical value 

In three thousand tracks photographed altogether, 8 heavy tracks of eneigy between 
2 XlO® e V. to 6 XlO® e v were observed all of which can be attributed to protons The 
observed specific ionisation for protons has been plotted in Fig 1, curve III, in half shaded 
OjirdeB. The ejqperimental pomts do not show any large departure from the theoretical curve 
for protons Large denationB from theoretical curve, however, are expected smoe the curve 
in ftt s regum is steep and the density df ions per cm. along the tracks reaches neaurly the 
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maximum number which could be counted All the protons observed were of positive 
character, no deuteron or a*partiole was observed 

I wish to express my sincere thanks to Prof P M S Blackett, F.B 8, for his 
invaluable help and encouragement I also wish to express my gratitude to Prof E J 
Willutms, F B S, for helpful disciiasions My thanks are due to Mr A H Chapman for his 
substantial help in taking the photographs T am also indebted to the Department of 
Scientific and Industrial Research (England) for a grant to enable this work to be 
completed 
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PbotoRTOph of a partially .IiITuhmI Hliowortakw) witli a mainu 1 1 < Hold 
anfi nf>fi;ntivo ioiih almiK the trark<» are just noparat^'d <o iridiv idiiallv n < opniHpi THa 

lonimtion tn«iHu«>mpntH one «onplinl<H that the least oiirvod tnuk in the 


eiiprtfv of tho aloweat partnlp m the Hhoaer IB lx lot p \ . i.i„ f„. 

(The author roBrotB that the photop-raphs of well diffuHPd r«kH euitaWo f"' 
ment* which were actually lined iii this invoHtiRation are not available just at prenent and bo could not 
be reproduced.) 




EXCITATION PROCESSES OF THE NIGHT SKY SPECTRUM 
By S N Ghosh, Adatr, Dutt Besearch SehtAir, Indian Bctence Newa Asaoetation 
(Commumcatod by Prof S K Mitra, F NI) 

{Bead Auguat 27,1943) 

Abstmaot 

The paper diHCUHHes the hypotheniH rocontly propoRerl by Mitra (1943) for the excitation of the 
niglit Mky spectrum Hegion>F of the lonosphero which eontauia at niglit and 0~ ions 10 identified 

ju the hypotheHiB ah the luminescent layer Tlio and O* ions oro asButned to react m the following 
manner 

O + Ng O (excited) + Ng (excited) 

The following noteworthy foaturcs of Mitra*R hypol hesis are discuRBod Exact resonance ih obtained 
when the oxygen atom and the nitrogen molecule are cxntrd precisely to those levels from which the 
observed Imes and bands ore emitted O atom is excited to state, this leads to the eniiHsion of the 
green and red Imes molecule 10 excited to Ji ^12 levels thisleiMls to the emission of the first positive 
and Vegard-Eaplan bands If account is token of tho kmotio energy of tho tolliding particles then the 
levels 10, 11, 12, of B ^77 level are also excited Emissions due to transitions nroin those levels 
are just those that are found enhanced m the night sky spectrum 

Unlike the h^othesca proposed so for tho present hjrpothesis explains tho excitation of the atomic 
lines and the Na-ofluidB by a single reaction 

Another possible reaction between and O'* ^ 

0~ + -»■ NO (excited) + N (exoited) 

which, for lack of exact resonance, is necessarily less probable explains the occurrence of the weak 
fi and Y bands of NO and of the atomic nitrogen Ime ^ 3467 

Attention is drawn to the foot that according to the proposed hypothesis tlio elertrons disappear 
by a recombination process which is controlled by tho density of negative ions formed by attachment 
of electrons to oxygen atmns A satisfactory consequence of this is that the intensity of emission, in 
course of the dork hours of mght, remains fairly constant, though, during tho same penod, tho electron 
dens^ m the region of maximum density may foil comparatively rapidly 

The intensity of the green Ime has been oolculatrd on the basis of the above hypothesis Tho 
result IS found to a^^ree with Lord Ravleigh’s measurements (Rayleigh. 1930) Tho slightly lower 
intensity of tho red lines is found to be a simple consequence of the hypothesis 

The unsatisfootory nature of some of the hypotheses proposed so for is aJso discusscMl 
A satisfoctory explanation is given of the enhancement of the red linos at twilight os recently 
observed by Elvey and Eomsworth (1042) 

1 Inteoduotton 

Tho apeotrum of the mght sky liiimnescenco consistB, as well known, mainly of hnes 
of atonuo oxygen and of band systema of molecular nitrogen (aee Fig.) The atomic 
oxygen Imee are the 00 -called auroral green, (X 5577), and red lines, | 

(A6300, A6363), both due to forbidden tranaition The green line la the most prominent 
radiation of the mght sky hght The Nj-bands are represented by the first positive 
bands, B ^IJ^A ®2^, which are comparatively faint and the Vegard-Kaplon bands, 
yr, which are stronger Besides these there are probably also present band 
systmuB of NO and a forbidden line of atomic nitrogen, (A 3487) The identification 

of ^ese is still somewhat doubi^ 

The intensity of the mght sky emission is not constant It consists of a quasi-steady 
as wdl as of an inegalarly fluctuating part The variations of the latter show strong corre¬ 
lation with magnetic activity and, as such, its excitation is believed to be due to the same 
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(ause an that of the aurora (Barber, 1041) The ultimate source of energy of the quasi- 
steady part 18 th e ultra-violet radiation of the sun The radiation ionises and dissooiatM the 
upper atmospheric constituents during daytime The products of these processes react 
with each other at mght and in course release the stored energy as famt lummescence 
The precise reaction or reactions between the ionised and dissociated bodies which may 
excite the night skv spectra are, however, b} no means easy to predict Many hypothetical 
processes have been proposed from tune to time, but they have all been unsatirfaotory for 
one reason or other (Chapman, 1937, Martyn and Pulley, 1936, Ta-You Wu, 1943) It 
IS the purpose of this ])aper to discuss in detail a process of excitation which has recently 
been suggested by Mitra (1943) and which, it will be shown, is the most satisfactory 
hypothesis offered till now 

Begion^F of the wnosphere identified an the luminescent layer 

As already mentioned, the night sky emission—at least the quasi-steady part of it— 
represents the energy spent by the solar ultra-violet radiation in daytime m lonismg and/or 
dmociatmg the upper atmospherK* (constituents. In the various hypotheses proposed 
till now, it is the energy of dissociation which has been assumed to provide a mechanism 
for the night skv luminescence Mitra, however, makes a departure and assumes that 
the lummescence is related rather to ionisation than to dissociation of the upper atmospheric 
constituontB He, therefore, identifies Region-J* of the ionosphere extending from 200 to 
400 km , as the active laver, since, measurements sliow that the height of the lummescent 
la\er is much above 100 km (Cabannes and Dufay, 1934) and may be nearer to 500 km 
(Elvey and Farnsworth, 1942) (It is to be rememhorod that the methods of height 
measurement of the luminescent layer are unfortunately such as to yield only very rough 
result, merely indicating the region of the upper atmosphere in which it may be situated ) 
The constituents of the atmosphere aliove 100 km are atomic ovygen and molecular 
nitrogen The prevalence of atomic oxygen is due to the photo-dissociation of O 2 during 
daytime by absorfition of ultra-violet radiation A < 1750 Thoorotical calculations show 
that the (hssociation lommeiices from th« height of 80 km , and above 130 km It is 
practically complete (Majumdar, 1938, Wiilf anci Deming, 1938) 

Durmg da^me Region-F is split up into two lonisecl regions Fi and F^ F^^ which 
is at a higher level, is due to ionisation of atonuc oxvgen and F^ at a lower level is due 

to loiusation of molecular nitnigim Prosenoo of m the upper atmosjihere is proved 

on unimpeachable gitiunds by the lact that sjieo^grams of the eastern and western 
skies during twilight show negative liands of nitrogen (Slipher, 1933, Elvey, 1942) Those 

hands are due to the transition of Solar radiation A <661 excites and 

ionises Na molecules to the 8tat(^ (Bhar, 1938) These, on emission of the negative 
bands, drop and remain in the state The Fi and F^ regions coalesce at night to 
produce a single region F This region, therefore, contains besides Ns and O, the positive 
ions , O'*’ and electrons Further, the region contains n^ative oxygen 10 ns (0“) 

It 18 now recognised that m Region-F at night attachment of electrons to oxygen atoms 
as also then* detachment from same produce an eqmhbniim condition, m which the negative 
ion (0") density is about 10 times that of the electron density (Bates and others, 1930) 
These charged and unchaiged particles react with each other at night, in course of which 
the faint light, observed as the hght of the night sky, is emitted 

The mghtly densities of the different particles in the region of maximum ionisation 
of Region-F may be taken as follows •— 

Electron density . . .. 5 0 X 10<^ per c c 

Density of 0* 6-Ox 10« per o.c. 

Density of positive ions (N^ and O’**) . 6-6 x 10« per 0.0 

(Nj ion density is one order less than that of 0“*') 

Density of atomic oxygen .. ,, l-4xlOW per o.c. 
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It 18 to be noted that the average nightly densities of the ionised particles vary not 
only with the season of the year, but also markedly with the eleven-year solar cycle The 
values given may be taken as representative values for a period midway between the 
epochs of maximum and mimmum solar activity 

2 Excitatjok of thh kioht sky sfeotbttm—Mitba’s hypothesis 

Many possible reactions, as are likely to excite the night sky spectrum, may bo imagined 
to ooi ur between the different kinds of particles listed above Not all of them, however, 
could be the reactions actually occumng m the luminescent layer The most probable 
reaction will be the one, which is not oi^y plausible but whicht at the same tune, gives 
reasonable explanation of most of the observed oharaotenstics of the mght sky luininesoence 
In particular, the reaction must explam the observed intensity of the emission Further, 
tlie height of the region of the reaction must conform with the observed lieight of the 
lumuies<*ent region, i e it must lie much above 100 km and nearer to 500 km 

The reaction which offers the best explanation of the features is tiie one roLentlv 
pro]iosed by Mitra (1943) Jt involves a reaction }>etwoen the positive ions of mtrogen 
molecule and negative ions of atomic oxygen, both of which are present in the Region F 
(combined Fi, F^) at mght 

+ ©“"►N* (excited)-fO (excited) (a) 

The process is one of so-called clcutron tiansfer and has a high probability when the 
resonance condition is satisfied, i c when the energy released bv the neutralisation of the 
charged particles is taken up entirely as potential eneigy of (excitation of the reaction 
products A very satisfactory feature of the proijosed reaction is that the condition of 
resonance is satisfied when the levels of excitation of tlio 0 atom and the Ns molecule 
are just those that are required for the emission of observed lines and bands of 0 and N* 

Since the ionisation potential of N 2 for ionisation to static is 15 58 e-volts, 

and the electron affinity of atomu oxygen is 2 2 e-volts (Lozior, 1934), the energy ndeased 
on neutrahsation is 15 58—2 2 =% 13 38 e-volts This euorgv is taken up almost entirely 
by N 2 and O, if, on neutralisation the former drops to the vibrational level v'=9 of 
J 8 ®7I state (9 1 e-volts) and the latter is excited to the hS state (4 2 © volts) The N 2 (B 3J7) 
molecule drops successively to the A state and thence to the X state and m course 
emits the first jiositive and the Vegard-Kaplan bands respectively (see Fig ) If account 
18 taken of the thermal energy of the colliding particles (average vadue 0 26 e-volt corre¬ 
sponding to temperature lOOO^K ) then to accommodate it the neutralised Na molecule 

drop to the vibrational levels 11, 12 The emissions corresponding to 

transitions from these levels are just tliose that are found enhanced in the first positive 
liand system of the night sky spectrum 

Another possible reaction between N^ and 0* is as follows.— 

(*ii) + 0“-^N0 (ex<ated)+N (excited) (i) 

The ener gi ee of the levels (J9 *i7 for NO end *P for N), which would emit tlie observed 
j3 and y bands of NO and a line A 3407 of atomic mtrogen, do not correspond to exact 
resonance. As such, the probability of the reaction is much smaller than the probability 
of reaction (o). However, the reported presence of these weak bands and Ime may be 
traceable to this reaction 

At tile vibrational level v'k 13 of £>i7state of Na the mdeoule is prediasoeiated. 
For particles with eitei^gy greater than the average kmetio energy, reaction (a) will prodnoe 
two nitrogen atoms, one m the ground state *8 and tlie other m the excited state *D This 
reaction, if it occurs, would lead to the emission of *D-*-*8 (A 6204)) No such line has, 
hofwever, been reported till now 

A noteworthy feature cf the proposed hypothesis is that one single reaction (a) excites 
both atonic oxygen lines and N|-bands In the vanous other hypotheses suggested till 
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now two sets of reactions are generallj proposed, one for excitation oE the oxygen lines 
and the other for excitation of the Nfhands 



Energy levd diagrams of O and Ei lUuatratmg the ezdtatum p t eosas c s of ni^t aky qieotrum 

The proposed reaction being a Bngiou-J>' reaotum, some oorrelation may be expected 
between vanations of Regum-Z electron density and the yariatioiis of mtc^ty or night 
sky emtsuon. In attemptmg to study such correlation, two facts, however, have to be 
borne in mind Firstly, the electron density as obtained from umospheno measurements 
is the density m the region of maximum ionisation It does not t(9l us anything about 
total number of electrons present in a column of say of unit oross-seotton of the region. 
The mtensity of the mght sky luminescence depends, however, predsdy upon this latter 
quantity The deotron density, for instance, may increase due to contraction by cooling 
of the ionised region as a whole, but the total number of electrons in a cdumn oi umt 
cross-section will remain more or less constant For such case, though tiie radio 
measurements will record an increase in electron density, there wiU be no cortesponding 
increase in the intensity of emission ^am, for reoom&nation according to the proposed 
reaction, the variation of electron density vdA time will be given ly the frwmiua (xMes 
and others, 1930) 
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whoro n(0 ) ib tlie initial value of electron density and the coefficient of recombination, 
2x10“^^ om®/8ec (moo §3) The value of the ratio n{t)ln(0), therefore, depends on the 
initial density »(0), being smaller the greater its value In a vortical cotumu of the 
ionised region witli a mrabolic gradient of ion density (see § 3) the decay in the total 
number of electrons wul thenifore lie far less than the decay in the density m the region 
of maximum ionisation For instance, if*the maximum concentration bo 5 x 10® per o o , 
its value will be reduced to about one-fourth for an eight-hour decay On the other 
hand, in the region in which the concentration is 10® per c e , the value in the same 
longtii of time will bo reduced only to 1/1 6 It, therefore, follows that the mtonsity of 
mglii sky emission will be far more constant throughout the dark hours tlian the oloctron 
concentration in tho region of maximum lonisatum This is exactly what is found from 
observation (Elve^, 1943) However, the averages variations of intensity for cycles of 
long penod, o g seasonal variations, variations with elevon-yeai solar cycle, do show some 
correlation between the two phenomena as they ought to 

It IS to be noted that according to reaction (a)y it is tho electron attached to tho 

negative lon O* which neutrohses tho positive ion Tho process by which tho 

electrons in the ionised regions disappear at night is, tlierofore, a recombination process 
which IS controlled by density of negative ions This is very satisfactory because it has 
been found that the measured rate of electron decay can be explained by sucli a proc ess 
only (Bates and others, 1939) 


3 Calcxtlatiok ov the intensities oi< the qreen and the bed oxyuen umes 

We will now discuss if the proposed reaction (a) can explain the observed intensity 
ot the green auroral lino 

The rate at which oxygen atoms arrive m the excited ^8 state is given by 

OLi n^fT 

whore = coelSiiuent of recombination by electron transfer from negative to positive 
ions Assuming that the efficiency of the reaction is unity, le every 
oollision IS successful m producing the reaction, the value oi «« becomes 

2 x10“^^ cm ®/8ec 

concentration of ion m Begion-F at mght 

The rate at which the reaction, (A 6577), proceeds is a fraction of the above 

given by 

+ - 

where Ai ■■ probability of transition, 2*0 sec 

At" ,, 018 860 -* 

(Probabilities of o tranflitions are negligible) 

Since the oonoentrations of and 0 are taken respectively oqnal to and ten tunes 
the deotron density n„ the above expression reduces to 
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In order to determine the total number of transitions per second in a column of gas 
of 1 sq cm cross-section, we assume that the electron density with height follows a 
parabolic law (Appleton, 1939), 


n,(fc) 



where H is the scale height, which, according to radio measurements may be taken as 
50 km Tlio total numlier of transitions taking place m a column of 1 sq cm cross-section 
per second is, tlierefore, given by 


lOoq 


Ai r 
« 


h’^tU 

n»(h)dh 


= JOocj 





64 At 
3 ^AfhAs 


nf(0)£r 


= 4 0 X10* transitions per second 


This is of the same order as 1 8 X10* per see obtamed by Bayleigh (1930) It shonld 
be mentioned that the calculation is to be regarded as giving only a rough estunate of the 
order of the emitted intensity This is because the dustnbution of electron density has 
been assumed as following a parabohe law tiiroughoat the mtire thicknoss of the layer 
This IS not correct It is only near the region of maximum density that the parabohe 
law holds with 6% aoouracy within a thickness 2ff Above h^ht ff, the electron density 
faUs much less rapidly The calculated intensity u therefore too low on this account 
Again, it has been assumed that the electnfied particles of the two regions are thoroughly 
mixed Wo do not know to what extent such thorough mixing takes place m conise of 
the night Fmally, on account of the high probabibf^ of reaction (a) its value has been 
taken as unity, the actual value may be somewhat different and not exactly equal to unity 
For the red radiation, it is to be noted that of the atoms that have bMn excited to 


state, a fraction 


At 


r- drops first to W state in course of emission of \ 5577 and thence 


to the ground state *P,, i emittmg tlie red hnes A 6300 and A 6363 (The transition 

At 


on account of its low probability, is neglected) The other feaotiou 


■ of atoms, 


which is 11 times less than the fraction 


drops to the *Pi state and emits the 


Aj+A, 

traiM-auroral Ime A 2972 Its absence in the night sky spectrum is due to the fact that 
it lies beyond the limit of transparency of atmoi^hcire The rate of the reaction, ^8-tAD, 
IS thus practically equal to the rate of the reaction, W-^APt, i The ratio of the intensify 
of the green radiation to the integrated mtensify of red radiations shonld, ihsrefote, metdy 
be proportional to the energies of these radiations This ratio is 1*13 and tiie red radiation 
IS, therdbre, slightly famter than the green radiation This is in accordance witii observa* 
tions (Elvey and Farnsworth, 1042), 


4 OthxB BUOaBBTaD PBOOBSSm 

As menticHied in the mtioduction, the enngy of night Ay emy^on is to be ticaoad 
ultimately to that of solar ultra-violet radiation spent dnxmg daytime in dissociating ta^ot 
ionising we atinosphetio constituents. In the hypotiieeis of linra, it is the wuBtgy tpmb 
in ionisation that is le-emitted at night. Since, however, a large emonnt of eOMgy is 
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also spent m process of dissociation 02 -> 0 -f O, it is tempting to suggest that the night 
sky emission represents this latter energy The earliest suggestion m this connection was 
made by Chapman (1937) He imagined a three*body recombination process as follows — 

0+0+M est Og+M (exuted), 

in which the third body M takes up the energy released un the recumbiuution of the 
two O atoms to form O 2 According to Chapman, the third particle may be another oxvgen 
atom or a mtrogen molecule The excited oxygen atom and nitrogen moh^cule ma> thus 
give nse to the atomic oxygen linos and the N 2 *band systems Three-body collision 
process, however, is essentially a high pressure phenomenon Its probability is extremely 
small m the low pressure of Begion-l* (3 XlO*® mm of Hg), and it is, therefore, unlikel> 
that this process makes any contribution to the intensity of night sky emission 

Reference may be made m this connection to an ingeniouH suggc^stion made h^ 
Martyn and Pulley (1936) winch obviates the necessity oi a simultaneous collision of tliroe 
bodies winch is such a rare event 111 the tenuous upper atmosphere Thus m the following 
reaction, 

0*^0 as 

the electron attached to the negative ion acts as the third body carrying away the released 
enetgy as kinetic energy Martyn and Pulley supposed that the ejected electron has 
enorg}^ of 4 e-volts, and that when it collides with an oxygen atom it excites the atom to 
state Closer inspection shows, however, that tlie ejec tcxl electron can have energy of 
only 2 89 o-volts and not 4 e-volts This is because the dissociation energy of molecular 
oxygen givmg rise to two normal oxygen atoms (instead of one in the and thi* othc^r m the 
state) is 6 09 e-volts The energy imparted to the ejected elei'tron is, therefore, 5 09 
e-volts loss the detachment energy of electron from negative oxygon ion (2 2 e-volts) 
This reaction can, therefore, at best explom the emission of rod auroral hnes 

Very recently anotlier attempt lias been made at explamnig the night sky emission 
with the help of dissociation energy rather than ionisation energy by Ta-You Wu (1943). 
For this purpose the author supposes that not only O 2 but also H 2 us dissociated m tlie 
upper atmosphere The process suggested for the excitation of oxygen imes is as follows — 

0(»P) + 0(«P) 0^[C + hv 

Oa(C + 0^{C ^£) ^ Ot{X ^£) + 0(«P) + 

In the first step recombination of 0 atoms in the normal state is accompanied by radiation 
and the resulting O 2 molecule is excited to the metastable C state Two 0^(0 ^£) 
moleoules then react with each other and produce one normal oxygen molecule and two 
O atoms By mak ing assumptions regarding the probabihties of these two processes and 
assuming a high metastabihty of the 0%{C ^£) molecule, and also takmg the density of 
the 0 atoms to be 10^^ per c.c , the autlior calculates the intensity of the green Imo omission 
and obtains agreement witli the observed value Based on Uie many assumptions, as 
it is, the agreement cannot, however, bo regarded as a satisfactory evidence in support 
of the hypothesis It is at best one ot tlie many poasibk processes which rmy cause the 
green Ime emisaum. How greatiy the deductions depend upon the assumptions made is 
seen from the following The author, as mentioned above, has assuimd the density of 
atomic oxygen to be per 0 c Theoretical calculations show, however, that tlie oxygen 

moleoules b«gm to be dissociated from below the level of E layer and is practically wholly 
dissociated at a height of 130 km (Majuxudar, 1938, Wull and Demmg, 1938) Its 
I'sgum of maximum concentration hes in the neighbourhood of 84 km (10^^ atoms per c c )« 
At 130 km. the ocxnoentration is 10^ per c c« If tliese data are adopted for calculating 
the intensity of the green line according to the author's hypothesis, then the result 
obtained is many orders higher than the observed intensity There are aiso other serious 
difioulties. As just now the region of maximum density of oxygen lies m the 

neighbcHfldiood of 84 km Aoootding to this hypothesis, therefore, the region of emission 
of iSie atomic oxygen should also he in this r^ion As already mentioned, measuie- 
laents sihow that we humiiesoent layer hes much above 100 km Agam, according to the 
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hypothefiiH, presenco of photo-disaociatod mtrof^en atoms is essential for emission of N 2 * 
bands Photo-dissooiation of N 2 in the npper atmosphere by absorption of solar radiation 
IS however very doubtful No continuous absorption corresponding to photo-dissociation 
has been observed in rase of molecular mitogen as m the case of molecular oxygen It 
is true that the presonoo of the line, (A 3467) due to atomic nitrogen has been 

reported by some observers This, however, can be simply ex^ilained by Mitra’s hypothesis 
(Reaction {b )) without assuming the presence of photo*dis8ociat^ mtrogon atoms 
Further, if Ns were photo-disRociateid, its region of maximum densoity would be at a level 
different from that of atomic oxygen The lununescent layer for the emission of Ns-bands 
would thus be also different from that of ox>^en hnes This is not supported by 
observation 

6 EkHAKOBMXNT of the iNTEKSmy of BSD AUBOBAL UKICS AT DAWN 

Recently Elvey and Farnsworth (1942) in course of a senes of interesting observations 
have noticed that os the sun begins to illuminate the upper atmosphere m the early hours 
of the mommg the intensity of the red radiation shoots up to a high value, while that of 
the green radiation remains nearly the same This sliows that in addition to mght time 
processes a new factor begins to operate at dawn whereby the concentration of 0{^D) atoms 
increases to a high value It will bo shown now that the rapid increase of red radiation is 
simply explained if transitions by absorption of solar rays are taken into account 

The solar rays stimulate normal oxygen atoms to excited states and those already 
in excited states to still higher or to lower levels Since the population of atoms m the 
excited levels compared to that of neutral atoms is very small, the number of transitions 
of the former is negligibly small (compared to the latter and need not be taken into 
consideration 

The number of normal oxygen atoms that are stimulated to W state per unit time 
per 0 c by absorption of solar radiation is 

when) n os concentration of normal oxygen atoms in Region-F at dawn 

Dp as density of solar radiation for the froquoncy corresponding to A 6300 m t^e 
•'oaoo topmost layer of atmofiqiheno oxygen touched by the solar rays D is the 
dilution factor due to distnbution of quanta emitted by the sun over a 
surface 4ird* where d is the distance of the earth from the sun D » iP/4d® 
» 5 41 X10*® where, R is the radius of the sun 
^ ip = probabihty for »Pa transition 

If the radiation from the sun be assumed to be that due to a black body at temperature 
Tm =6000®K , then, since exp > 1, 

“P 

according to Planck's radiation formula 

JJ 

Further, remembering that- ^*— * — -y— , equation (1) reduces to 

*i*i ^’^•''ssoo 

nAtD exp (—Ai'aaoo/^*) « (2) 

where ■■ probabihty of -> transition, 0 0075 sec 

The atoms amvmg in W state will leav« the state by (i) qioataiieoas tnaritum to 
ground state sp and (ii) by stunulated transition to some higher states or to the *P stete 
Now, on account of the low value of i3p, (of the order lO**** erg), the rate of the lafster 
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traiuition ib negligibly small compared to the iormer transition We can therefore 
justifiably assume that m the oquihbrium condition, the number of atoms raised to i/) 
state by stimulated transition per si^oond as given in equation (2) is equal to the uumtier 
dropping to state by spontimeous transition 

Substituting the values of various terms in equation (2) \vc hnd that the intsreasi^ 
m the rate of the reaction leadmg to the emission of red linos is 127 3 This is five times 
greater than the average mght time rate, namely 24 5 The integrated intensity of the 
red lines at dawn therefore is greater than at night b\ this amount, and this is what has 
lieen observed by Elvey and Farnsworth (1942) 

We now determine the intensity of the green radiation as affected by the solar rays 
The rate at which normal oxygen atoms are stimulated to ^8 state per c c by absorj)tion 
of solar rays is 

5 apj ^ (3) 

where v = frequency of radiation corresponding to transition, 

probabihty of transition The factor (J[) comes from the 

consideration of the weights of the states 

The transition probability of ap is known to be very small compared to the 

other transitions of the oxygen atom coiisidenxl The value of this probability mav^ foi 
the purpose of the present computation he taken to be one-tontli of that of 
0 002fi sec Substituting the values of vanous terms in equation (3), wo obtain the 
rate at which normal oxygen atoms are stimulated to hS state per c c as 0 01 per second 
This IB very small compared to the night time rate, namely 24 6 We thus find that the 
mtensity of the green line is hardl\ affected by the incidence of solar radiation at dawn 
The great difference in the effect of solar radiation on the enhancements of the green 
and rod hnes is thus due to the combination of two factors a(*tmg m the same sense 
Firstly, the probability of stimulated transition of the 0 atoms from the ground state to 
the ^8 state is very small t ompared to the stimulated transition to the W state and secondly, 
the density of radiation A 2972 corresponding to transition to ^8 state is about 100 times 
smaller than the density of ladiation A 6300 corresponding to transition to state 
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STUDIES IN THE FAMILY ALISMACEAE V 
Thb bbcbbyology of Ma/chaeracarpus caUfomicvs (Tobb ) Sbiall ^ 

By P Mahib8HWabi and Balwant Singh, DepathnetU of Biology^ Dacca UntversUy 

{Received Apnl 27,1943 ) 

Intboduotion 

The embryology of the Ahamaceae has recently received considerable attention at 
the hands of Prof K V 0 Dahlgren (Uppsala) and B M John (Agra) The literature 
on the family has been reviewed very fully by these authors (Dahlgren, 1928, 1934, John, 
1935 a, b, and c, 1936a) and it is therefore unnecessary for us to cover the same ground 
again The genera Machaerocarptat (California), Bautanenia (S W Afnca), Bumaiui 
(Trop Africa and Madagascar), Wiesnena (India, Africa and Madagascar), Calduta (N 
Australia), and Ranalisma (Malaya) have not so far been investigate &om the embryo- 
logical standpoint 

Matbbial and Mbthods 

The material used in this investigation was obtained by request from Profs H F 
Copeland and G L Stebbms of Cahforma m the yi^ar 1937 Fixations had been made 
by them in Bournes and Nawaschin’s fluids respectively Soon after receipt the flower 
buds and carpels were run up through the alcohol-xylol senes m the usual way and 
embedded m paraffin Prof H F Copeland sent, in addition, some matenal stored in 
bulk in 70% alcohol, which has been very usefiil in giving us an idea of the general 
morphology of the plant 

Due to other engagements and iireoccupations the work could not be undertaken 
until very recently Our account is not as complete as wo would have liked it to be, but 
smee there is no near prospect of getting further matenal, wo have thought it worth while 
to publish such results as wo have alrei^y obtamed 

Tlie sections were cut at a thickness of 6-16 microns, the thinner sections being more 
useflil for a study of the male gametophyte and the thicker for the female gametophyte 
and embryogeny Both iron-haematoxyhn and sa&amn-fast green were used for staining 
In the former case about five mmutes m the mordant and five m the stam proved to be 
suffloient.* 

For comparison we also out some sections of DamMonium aluimat Elutma natans 
and Echtnodo^ macfKfjAyUus, embedded matenal of which was supphed by Dr H Stenar 
of Sweden In addition, Dr B M Johri placed at our disposal some of his previously 
prepared slides of lAmnophyUm, SagtUana, and Aliema 

Thb Flowbb 

The flowers are bisexual* and aotinomorphic The perianth comprises two whorls 
The outer consists of three persistent sepals which are usually imbricate but sometimes 


A For a drawing of the entire plant, formerly called Ikttiiagxmwm ocdiforMOum Nmall, noe Butohinson 
( 1 » 34 ^» 83 ) 

* such dwrt tunings have also yidded good results with other Alismacoae Thus, Jolirl (1888a, 
p> 51) reports that in the hot weather at one minute*s immersion in haematoxylm was sdERment 
for Lmmtphyton 

* In some genera of this family the Bowers may be unisexual or polygamous Thus, carpels are 
entirely absent m the male flowers of JUtntMphgion (John, 1985a) In the male flowers of SagOtana 
eagiiMiha and 8, gvogananne (Johri, 1985, b and e) rudunentary oarp^ are {uesent, m the former 
e ase they go Uoxiugh the first divudon of the mMaspore mother oeH and in the latter even up to the four- 
nociesite stags of the embryo sao, after which the pollen is shed and the flowers wither. 
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twisted The inner whorl consists of three petals, also imbricate, but crumpled and 
caducous There are six stamens with extrorse anthers, two opposite each sepal The 
carpels, generally 7-11, are free for the most part but appear to be slightly connate at the 
base due to fusion with the tip of the floral axis around which they are pltK^ed The fruit 
IS a bunch of stellately spreading smgle-seeded at*henes with persistent styles* Pigs 1-3 
represent cross-sections of a flower bud at three different levels, drawn to indicate the 
ration of the different organs to one another 



Fias 1-3 r H flower bud at dfflerent levelH x 17 


The sepals and the ovary wall show a large number of schizogenous ducts already 
reported in the vegetative organs of several plants of the family 

Micbospobog JSSIS 

The development of the anther follows the usual course The parietal tissue consists 
oi an endothecjum, a single ephemeral middle layer and the tapetum (fig 4) The cells 
of the latter remain uninucleate and after reduction division m the ixillen mother cells they 
become amoeboid and get into the loculus in the manner described for lAmnophyUm (John, 
1935a) and other members of the family (see fig 5) The plasmodial nuclei are as large 
as or shghtly larger than the microHjxireB when they have just separated from the tetru 
The penplasmodium begms to disappear after the generative cell has been out off (fig 6) 
and there le no trace of it when the sperm cella have been formed 

The middle layer becomes greatly flattened and onished and is unrecognisable in the 
mature anther The endotherium develops the usual flbrous thiekenmgs which were 
very clearly seen m sections stamed with saftanm and fast green In the oldest anthers, 
which were about to open, the opidomus was found to be shnvoUed and ahnoet unrecog¬ 
nisable, whde the endotbeciiim was very prominent 

Mans GauBTOFflYTic 

The microsporc mother cells go through the usual reduction divisions which are of 
the successive typi> and result in the formation of isobilateral tetrad The microspone 
separate and become rounded, and tho wall sorni shows tiie diffnentiation into exhie and 
intme At first the nucleus lies m tho middle which has a denser oytophuon tiian the 
periphery (fig 7), but it soon moves towards one aide and divides to mm the tube and 
generative nuclei which are separated by a thm hyaline membrane (fig, 8) After a tbne, 
when the gcmerative odl hiui moved into the mterlor of lAie poUea |pwin, its oytoflasBi 
IS hardly visible but a dear 8|>aoe is generally present around ^e mtelmu. 

(ta 
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The gweratire cell divides to give rise to two more or loss crescent-shaped male cells 
(fig. 9) The cytoplasmic layer around the male nuclei is so thui as to escape notice in 



Figs 4-9 


Fig 4 T 8 portion of anther to show tho opidennts, endotheoiiun, degonomtiog middle 
layer, unuiuoleate tapetiim, and microaTOre mother oella x 410 Fig 5 Same, more advanced 
stage, showing miorosporea and tapetsa periplasmodtum X410 Fig 6 Older stage, showing 
two celled pollen grains and disappearing penplasmodium x410 Figs 7-0 Stages in the 
development of tho male gamotophyte Note tho presence of starch grains m the mature pollen 
gram X 800 

all but the most favourable preparations Observations oil the sttucture of the male 
cells are also rendered difficult because of the presence of large quantities of starch grains 
m the vegetative cytoplasm of the mature pollen grams The germ pores are larger than 
is usual in the family (see also Wodehouse, 1936) 

It IS worthy of note that although the cytoplasm of the young pollen gram (mierospore 
stage) u vacuolated, the vacuoles gradually disappear and are hardly visible at the tune 
when the male gametes have been formed This is in accordance witli the observations 
of Sohnarf (1937) who, after examuung aoetooarmme preparations of a large number of 
fomihes, concludes that at the shedding stage the pollen grams are always devoid of any 
oonqucuous voouoleB ^ 

The OviTLK 

There is a smg^ anatropous ovule m each carpel In Damruomum alx$ma there are 
two ovules, oriented as shown m fig 10 It ttie lower of these were to disappear, we would 


I Previousauthom, vis , Dahlgren (1928^ lag 6o)m aotofur, NarttiiiinhaMurthy (198S, fig. 33) 

and Jdbri (13350, ^ 83) in John <13356, Bgs. 1 and 2) m Johii 

( 1336 q,^fl 9 iu 11 and5S)m5 gocmaefiM and S’ "how latge vacuoles in the mature pollen grams. 

On a re-enmlnatlmi of Dr. Johri*a preparations we find that the vacuolar appearance is reaUy due to 
ifaw pessence of staeoh gtalns wiwdi often remam unstained with haematoxylm On soitabfy lestaini&g 
the tlidffff and in soma oaaee even without domg so we were able to observe the hilum in the oentre m 
earii suebi^paoe. The iodine test also yirided positive results, thus oonfinning the presenoe of staroh. 



Fig 10^ carpel of Domoeomum ofiama at fertilisation stage Note the orientation of the 
ovtilee and the obturator (ob) x 46. Fig 11 L.a. oaipel of MwAmFowpuB at mature embryo eao 
stage x46 Fw 12 L.8 ovule ehovmg 3-oelled embrp and peidatent nuoellar ephlermis. 

Note beginning of ourvature of the ovule due to a mulUphoatum of the oeUi of the Amlonlua at place 
marked x x64 Fig 12 l£m1»yo aao ahowmg young emhm and wuloapem nuolal. X66 
Fig 14. Lai ovule with older embryo xtl Fig. 16 L.s portion of Ovule ahortly alter 
fbrtiliaation showing detail of outer integument (o».)» inner mtaguniMit (i.4.), alngje of 
nuoelhis odla (nu.), and free nuclear endoipenn (end) x340. Fig. 16. La. ovule Showing the 
condition of integumenta at a slickly older stage. Note that the outer layer of the ian^ wagu- 
ment has beoome oonsiderably flatted and crushed end the inner layer baa baen outteiaedl enlte 
inner side. x286 Fig, 17* StiU older stage 6how^ a thiokaiodbig of the outer bgrer of meeAtt 
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get a condition aimilar to that m Ma^haeroearpm AUarm^ Eltma, Limnoph^km and 
SagtUarta ^ also have a single ovule per carpel 

The nuoellus is not massive, bemg only two-layered for the most part > The inner 
layer begins to dissolve when the embryo sac is mature but the epidermis persists during 
the earlier stages m embryogeny, and, owing to the dense cytoplasm and prominent nuclei 
of its cdls, it gives the appearance of an mtegumentary tapetum (figs 12, 15) Tt is the 
cells at the mioropylar end which hold on for the longed time 

There are two integuments, of which the outer is mostly three to four-layered and 
the inner two-layered (% 15), but its micropylar portion is thicker After the nucellus 
diBorganiseB the mner layer of the inner integument comes in direct contact with the 

embryo sac Its ceils undergo a number of radial divisions to keep pace with the 

elongation of the embryo sac and become nobly protoplasmic Later its inner tangential 
wall becomes greatly thickened and outmised and forms a protective Iinmg to the tissues 
withm it (figs 16, 17) The outer layer, on the other hand, becomes stretched and 

crushed to a mere streak The out^ mtegument does not undergo much change 

beyond a little elongation and flattenmg of its c^ and the thickening of its outer walls 
(% 17) 

After the embryo sac is fertilised, the cells of the fumcoilus begin to divide actively 
at the place marked x in fig 12, so that there is a swellmg of the tissue m this r^ion, and 
m later stages the embryo sac becomes doubled upon itse^ (figs 13, 14) 

In DanuMon/itim (Dablgren, 1928) there is an obturator-hike swelling on the fiinioulua 
but we did not find it in Maclwrocarpua (compare figs 10 and 11) 

Mboabpoboobnbsis akd dbvblofmbkt of thb Embryo sac. 

The stages m the development of the embryo sac are aliown in figs 18 to 25 The 
primary orohesponal ceU (fig 18) functions directly as the megaspore mother odl (fig 19) 
No waU cells are cut off but certain cells of the micellar epidermis occasionally undergo 
a penclinal division as also noted in some other plants of the family 8 

Of the two dyad cells formed after the fimt division of the megaspore mother cell, 
the lower enlarges and functions while the upper promptly degenerates and is reduced 
to a darkly staining cap on the former This resembles the condition m the other plants 
of the fajoSiy as far as they have been mvestigated * 

The first division m the lower dyad cell (fig 20) gives rise to two nuclei which move 
apart to the poles, a large vacuole appearing in the centre (fig 22) In some oases a 
didicate wall appears after the division (fig 21) but it soon disappears and was never seen 
m older stages ^ 

Tlie two^nuoleate stage is followed by the four-nucleate (fig. 23) The mioropylar 
end of the embryo sac is now broader than the ohalaaal The two ohalaaal nuclei axe 
also smaller than the micropylar, the lowest bemg the smallest and having a degenerated 
appearance from the very beginning ^ 

1 In SagUkma sagiUii/^Ua (John, 19366) on additional ovule was seen in one ease, which was how¬ 
ever much arrested in its development 

* There is no uniformity in the family regarding the number of cell layera composing the nuoelliis 
In Dcunaaonnun eUsma, Aluma pitaniaffo (Dahlgren, 1928) and Aliama pkmtago<iqiui$%ioa (Johri, 1936a) 
toe nucellus is already on the way to disorganisation and disappearance at the time of fertilisation In 
Machatroearpus, as noted above, the nucellu epidermis persists for a longer time Maraaimha Murthy's 
(1983) figs 86 and 86 seem to indicate that m Lmnophyton the nucellus is lost at too 2-nuoleate stage 
of the embryo sac but this is obviously incorrect as pomted out by John (19S6a) AotuaUy the 
nuosifau seoaos to porsiBt even longer in Lmnaph^on than m Maehosrooomis. 

* See Johri (f936a) <m X<mfw>pAytofi, % 46, 

A NeraBimhaMurt^(1988,p 10) sim that the megaaporemoth^ cell gives rise to two‘memmres* 

of whito toe ehalasal develops ^ese are really the dyad oeUs (for terminology see Mtoetowari, 

1987, p. 1 and 1941, p. SSOlT 

* A shnilar membrane has bewk Imported m some plants of the family Butomaoeae,vu.,Biilomoafis 
Ignosatote (Johri, 19866), Xffiinoo6ar{s smarymoto (Johri, 1936a) and Hyd/toelna nympAmdst (Johri, 
19186), Bind suggeats the derivation of toe bisporio type of embryo sac from toe mcmo^porio In the 
lettor wallMjMnnaneat. 

* la LframpMea, SagiikiHa and AUsmo, John (1986 a* 6, e, and 1986a) rmorts that toe -i 
nudeqe oooaidonaQy fragiMta into two or three r^ei* We could find onfy <me ouob instMooe in 
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Only the two micropylar nuclei divide again giving nee to a quartet, which produces 
the egg apparatus and the upper polar nudbus The lower polar nucleus is oontnbuted 
from the chalazal end and the remaining nucleus mav be said to represent the solitary 
‘antipodal’ (figs 24 and 26). 

FERTILISATtON 

Fig 25 shows an embryo sac just prior to fertilisation The egg apparatus consists 
of two hooked synergids^ and a prominent egg-cell, the two polar nuclei have not yet 
met and there is a single antipodal nucleus Double fertilisation takes place nomiallv 
(fig 26) The pollen tube destroys one of the synergids and the other disappears some 
time afterwards John (19366) states that in binceciata^^ lielongmg to the 

family Butomaceae, and SagnUana ttagiUtfoIm (John, 19356) syngamy may take place 
a little later than triple fusion, while Narasimha Murthy (1933) claims that m Limno* 
phyion tnple fusion is a very dow process as compared to syngamy The situation in 
Mo/dkoerocarpus seems to resemble the latter in that the second sperm nucleus can be 
distmguished for some time after the first one has already meiged itself withm the egg 

Endosvkrm 

The early stages m endosperm formation were difficult to investigate since the nucellar 
cells adjacent to the embryo sac begin to disorganise and their nuclei, which now float 
freely m the cytoplasm of the embr 3 ^o sac, became mixed up with the endosperm nuclei 
and are difficult to distmgiush from them The nucellar nuclei may even increase in volume 
after becoming liberated mto the embryo sac and their behaviour recalls that of the jacket 
nuclei of the archegoma of some gyinnosperms ^ 

Unlike EcMn^lorua (Dahlgren, 1928), Ltmmphyton (John, 1935a) and BagUtana 
(John, 1935 6, e and 1936a) the first division of tlie primary endosperm nucleus is not 
followed by a chambering of the embryo sac into two portions Free nuclear divDsions 
contmue for a long time (fig 14) and wall formation either does not occur at all or takes 
place only at the penphery and in much older stages ^ A free nuclear endosperm 
is also seen in AltamOf Damasomum and Ehfuna (Dahlgren, 1928) 

Embryo 

The fertilised egg divides after the primary endosperm nucleus has undergone one or 
two divisions This is in accordance with the observations of other authors Only 
Narasimha Murthy ^ (1933) reports that m Lvmnoj^yton the fertilised egg is precocious 
in its development and divides without passing through any restmg xienod 

Metohaeroeotpug and consider it to be very rare in this plant In Ltmnaphyton (according to Naraehnha 
Murthy, 1033 and 1035a) the embryo sacs are onginaliy eig^t nucleate but may later become six nuoloato 
owing to a degeneration of two of the chalazal nudoi We have re examined eeveral slidee prepared 
by John fid fully support hia statement that the embryo saoe are primarily six-nucloate due to a 
fiuhire of division of the two oludazal nuclei of the four-nucleate stage Wlion more than six nuclei 
occur, they are due to a fragmentation or amitotic division of the lowest chalazal nucleus 

1 Hooked synergids have been recorded m recent years in other plants of the families Ahsmaceae 
and Butmnaeeae, for a complete list see Dahlgren (1988,p 225) 

A The present name of thw plant is Tmagaoharig laUfoUa Buohen 

s The entry of nucellar nuclei into the embryo sac and the interference caused by them misled Camp 
bell (1910, 1911) to desorlbe a many-nucleate embryo sac in Fandcmtie which remained a puzzle untJ 
quite reoMitly Fagerlind (1940) has now cleared the situation and demonstrated that the embryo 
saa of Pandemw d^kms quite normally but the nudei of the adjacent cells become moorporated 
into it, morease in number, and evSn take part m the formation of the pnmary endosperm nucleus 
whioh shows diflerent degPm of polyploidy depending not only upon the number of nuolet that have 
fused to form it but abo on the propoAion of haploid and diploid nuclei amongst them 

5 We were unable to esoertain this point definitely smoe sufficiently old matenal was not available 
to us. 

5 He writes (1988, p 11) that in Ltmnoi^yian obiug^ohum triple fusion 'usually tafcse plaoe when 
tlmcsubryo is in a two-oSUed stm*, which would obviously mean that the vyaote divides Mgrg U&e 
V jWnafjF endosperm nnoimia We are unable to confirm this foom our stu^ of Dr. John's slides 
df Ite iMae pbitt. We find the reverse to be the geosml condition Ofcouzse stray easee are known 
m thOHsfolbfike isee XHAIgren, on Zogtgfa) and other pJauts tdien the embryo oontmues to grow 

while tlie foifon npeleus remains undivided, hut these are exceptions rather than the rule, 
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The first division of the zygote (fig 27) remilts m the formation of two snperpoaed eells 
(fig. 28) of which the basal becomes large and vesumlar and does not divide mrtiier The 



Fros 9A-8S 


Vig 20. Part of embi^ aao showing double fertilisation xSOO Fig 27 Fertilised egg. 
xSiO Fig 28 Two>oelled proembryo x2S0 Fig 20 Four oelled praembryo x240 Figs 
80-88. Further stages in the development of the embryo Note the large basal cell. Fig 80 
X 200 and rest x 8i0 

second produces a row of three cells (fig 29) of which the terminal divides limgitndinally 
to form quadrants (fig. 30) and octants Due to lack of material we were unable to trace 
the further develoj^ent of the embryo with any thoroughness but stages like those m 
figs 31 to 33, which we came across, give the impression that it does not differ materially 
from SagManat which has been so thoroughly described by Souiges (1931), and 
DamoBOMum (L^esle, 1929) 


TeXOBIITIOAL CiOKStDXBATIOKfl 

The main embr 3 ro]ogioal obaraoters of the fiunily Aliamaoeae may be summariaed 
as follows Cbmparisons have also been made with other families of the order Helobwies 
in order to help in anlving at some conclusions as to its relationships — 

Development o/ Ike aniker and microsporopenesM.—^Detailed utformation is avsllaUe 
only about oertam plants of the family. lAmmfkyfm oibimifoUttm (Narasimfaa Hurthy, 
1933, John, 1930a), SagttUma guoyonenme (Jdin, 19S0e) and to amne extent 
Mathaerocarpue 

There are three parietal layers—the endotheomm, middle layer and tapotum The 
oeUs (ff the latter remam unmndeate and become amoeboid. All the other femtlimi of 
the order Helobiales also show an essentially simihtf tyM of peiifriaoDodiuiii lonaattnn, 
leaving only the Najadaoeae about which the requisite mformation is ladong 
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The divimone of the niicrospore mother cells are Bucceewive and result in tetrads of 
the isobilateral ty].ie Only in some species of Aponag^n (Aponogetonaoeae) the divisions 
are simultaneous (S&ne, 1939) In Buiomop^in (John, 1936&) and OUdm (Narasimha 
Murthy, 1935) some irregular types of tetrads have also been noticed In Hahphdn 
ovato(KauBikandBao, 1942) and (Kao, 1941), belonging to the Hydro- 

chantaoeae and Potamogetonaceao rc^spectively, the inicfosporc^ mother cells an> elongated 
and divide transverseU to give nse to luiear tetrads Zmimi (Potamfigetonaceae) is 
also peculiar (Bosenlierg, 1901a), but its pollen grams do not appear to have received 
further attention for more than tortv years 

Male ganf^phytf —The pollen grains in the Ahsmat eae ari‘ iinifonnU tnnucleate 
As noted in the present iiivostigation they arc often hlled with large c|uatititles of standi 
grains and the thin layer of (vtoplasm around the male nuclei is therofore liable to be 
obscured 

The three-nucleate condition of the pollen is of universal occurrence m the Helobiales, 
the only exceptions liemg Oitdta al%Anw%des (Narasimha Murthy, 19356), Trtghchtn 
palvstns (Wulff, 1939), Ldaeu aybulaia ((Jampbell, 1898) and Zannu^hellta pahuilfiH 
(Campbell, 1897) Of these the last two deserve reinvestigation 

Oeide—In the entire order the ovulea are hi-mtegumented The archesporial 
cell cuts off a wall cell in all the families (with few exc^eptions) exi^ept the Alismaceae 
and most of the Butomaoeae ^ In the lattc^r, Ijimnockaris^ and BviomoptoH 

have no wall cell while Bukmus usually has it hut sometimes it may also be without it 
MegasporogenestM and devdopmenU of the embryo sac —All the recently investigated 
plants eff the family, comprising seven genera (Ahsma, Ikimasomum, Bch$nodorus, Blmrn, 
Limnophytofij Maehaerocarptuf and Sagittarta) and more than ^t^n species, have the 
bispono Alhtm-typo of embryo sac, in which the lower dyad functions In the allied 
family Butomaceae also, three genera [B'Uiomopsm, lAfnnocharts and Hydrocku^ (John, 
19366, 1938a, 19386)] have bisponc embryo sacs and only BuUmua (Holmgren, 1913) is 
monoBporic This is m sharp eontiast with the condition m the other families of the 
order in which a monospono eight-nucleate embryo sac is of general occunenoe 

Embryo sac —In most of the Alismaceae studied so far, the embryo sac is six-nucleate, 
and as a result the microxivlar portion of the embryo sac is organist os usual but there 
are only two nuclei in the chalozaJ portion, the lower }K)lar and the single * antipodal’ In 
Eehino^hrus ranunculotdes (Dahlgren, 1928) and E fmcrophyllus (Dalilgren, 1934) reduction 
has proceeded still ftirther so that even the primary ihalazal nucleus of the two-nuoleate 
stage foils to divide further and the resulting embryo sac is only five-nucleate without 
any lower polar nucleus and with a single antipodal 

Here also Butomaceae is the only &inJly which offers comparison Out of the four 
genera, which have been mvestigated, Bytomopsis, Ltmnorharts and Hydroclets are essen¬ 
tially similar to the ahsmads, Bntomns alone having a normal ejght-nuclcate embryo sac 
with three antipodal cells 

Endosperm —There are two distinct modes of endosperm formation m the Alismaceae 
Sehmoiorust Linmophyton and SagtUarta belong to the Helobiales-tj^ie, while Altsma, 
Ikmasonium, Ehsma and Mabhaerocarpvs belong to ihe Nuclear-type The only other 
fieunily of the order, which shows both tyiies of endosperm development, is Scheuchzenaoeae, 
havi^ the Nuclear-type m Trtglochtn and Ltlaea and the Helobiales-type m 8€heuohzer%a 
(for full references see Stenar, 1935) In Potamogetonaoeoe, Zostera is exceptional in 
having a nuclear endosperm, this was long doubt^ but Rosenberg’s work (19016) has 
now heen fully confirmed by Dahlgren (1939) A comparative study of the dlustrations 
l^ven by these authors Seems to show that the Nuolear^type is associated with on embiro 
sac having a omnparatively broader base, while the embryo sacs of plants with the Hdo- 
biales*type have a meue narrow and tapering ohalaxal end 

*The development of the embryo has not been very thoroughly studied in 
all the fas^ies but the available facts seem to indicate that the Sagittana-type with its 

^ Kausik’s (1940, p 87) statament that *the formation of a panstol cell » oharactcnstio of all the 
Helobisiss’ is obviously moorreot. This is not true of the Alismaceae and most of the Butomaceae, 
tg>r of (Dshlgreinp 19S9) belooging to i4ie FotemogeUmooeae. 
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pronunent undivided basal cell is of wide ooeurrenoe in the entoe order The endoqpenn 
becomes used up by the time the embryo is mature In the AUnnaoeae and most of tiie 
Butomaoeae the embryo is curved like a horseshoe 

Coneluaum —The available information on the embryology of the Hdobhdes indioatee 
that although the Aluonaceae and the Butomaoeae show close similaiitiea with the other 
families of the order, they have a more intimate relationship with each other than with 
any of the other famihes The character of their pollen grams (for details see Wodehouse, 
1936), the absence of a wall cell m the ovule, the presence of a bisponc six or five-nucleate 
embryo sac, their horseshoe-shaped embryo and their more or leas free caipela, all seem 
to warrant the creation of a separate order Alumatales for their reoq;ition ^ In uiy case, 
Markgraf’s (1936) groupmg of the Butomaoeae and tiie Hydrocharitaoeae mto tiie order 
Butonuneae and the placing apart of the Ahsmaceae mto another suborder Alumatmeoe 
can hardly bo justified on embryological grounds We are also not m agreement with 
Hutchmson’s idea of sphtting the Helobiales mto several separate orders, vis , Ahsmatoles, 
Butomales, Aponogetonales, Potamogetonales and Najadales, smce this appears to under¬ 
rate the many close and obvious resemblances between some of tiie famihes mcluded 
under them 

Hutohmson and some other botanists have also laid great stress on the pmnitiveness 
of the Butomaoeae and Ahsmaceae and their resemblances with the Nymphaeaceae and 
Ranunculaceae, nhiefly on the basis of the structure of the gynaecium It is even stated 
that except for its sohtary cotyledon and lack of mdosperm, tiie genus Banaluma 
might equally well be plac^ in the Ranunculaoeae This may appear to bo so super- 
Be^Iy but the great gap between the morphological and embrytfiogical characters of the 
Ranunculaceae and Ahsmac'oae precludes the probabihty of any close relationship between 
them (see also Eber, 1934) Our efforts to obtom matenal of Banvltsma have so for 
been unsuccessful and defimte opimon on this pomt must therefore await the investi¬ 
gation of this cntical genus 
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of his slides of the Alismaceae and Butomaoeae Mr A K CSiakravarfa, who was a col¬ 
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StlMMAftY 

1 In Jfachaeroearpua ealrfdrmew the flowers are bisexual and aotinomorphic, with 
three persistent sepals, three petals, six stamens and seven to eleven oaxpds which give 
nse to a bunch of stellatdy spreadmg aohenes 

2 The ponetal tissue m the anther consists of a well-devdoped endotheohim, an 
ephemeral middle layer and the tapetum The cells of the latter remammunucleate and 
form a poiplasmodium 

3 The pollen groins are tri-nuoleate witii a vegetative nuiileus and two male ceUa. 
The vegetative cytoplasm is full of starch grwns 

4 There w a single anatropous ov^ in each carpel. In later stages the lateral 
odls of the fhnicttluB divide actively so that the ovule beemnee bant like a borsedioe. 
Of the two 0 ^ layers which form the mner integument, fihe outer dfoorganises and tiie inner 
tangential wall a the other becomes heavily outinised to give protecton to tiie embiyo. 

5 The hypodermal archesporiai cell fone^ms directly as the meg a rowe Blotter 
cell without cutting off any wall cell Of the two dyad oe]]s,f(onned alter tte first dlvidMi, 


1 This viewseeaas to find support from Bsndto (1980), who hefladsiths Batcmo M saa sad A H B Wnb 
dcoe under a mngle fismily AUsmaosse, 
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the lower functions to give rise to a aix-nuoieate embryo sac The development is there¬ 
fore a modification of the showing reduction m the ohalazal part of the sac 

6 The mature embryo sac cmsists of an egg-cell, two hooked synergids, an upper 
polar nuoleufl, a lower polar nucleus and a single antipodal nucleus 

7 Double fertilisation occurs normally The endosperm is free nuclear and the 
embryo is of the ^9«gt^kino-type 

8 From a comparison of the embryological characters of the Alismaceae with those 
of otlier famihes of the Helobiah^, it appears tliat its closest relationship is with the Buto- 
maceae, and it would lie appropnate to create a separate order Ahsmatales for their 
reception 
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Abstbaot 


Considering an empinoal formula for the funotion ^i(^) ooourring m the exprosaiou for the oross- 
Meotums of the poir-oreation and Bremsstiohlung processes^ expresuons for these oroBB-Beotions have 
been obtained which idlow for the moompletenesB of Boreening to a Buflkuent degree of accuracy* parti¬ 
cularly m the region whore this is important for the oaloulotions of the Cascade Theory Using these 
cross-seotions reimts have been obtomed which give the number of cascade elections and positrons m 
diflerent matenols at any depth below the top and also the energy spectra of such portiblee The 
results show the dependence of the cascade on the nature of the material m which the shower ib produced 
It appears that the maximum of the shower transition curve is shifted to greater depths m heavier 
materials The results obtained show that the approxunations mode m assuming that the screening 
IS always complete for the calculations of the casocKle theory will not produce any appreciable error 
in lighter materials* such as air* but will produce some error m heavier matenals such asPb* which 
again is not very Issge 

It has been mentioned by several authors that the screening of the atomic potential 
by the outer electrons would have a considerable effect on the cross-sections for the 
radiation and pair creation phenomena, because a large part of those processes takes place 
at large distances from the nucleus of the field-producing atom, i e at places where the 
field is no longer Coulombian 

Assuming a Fenm model for the distribution of atomic electrons, Bethe and Heitbr 
(1934) have calculated the form of the cross-sections. The effective differential cross- 
sections for the emission by an electron of energy E of a quantum of eneigy lymg 
between E' and E'+dE' whue passing through the fidki of an atom of nuclear oh^e Ze 
is given by, 
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where and 4^%^p) are functions of p only. Since these functions do^iend on a general 
atoauo fim-faotor* which is known only numencsily (Bethe, 1930), aimytio expressions 
fbr^(p) and ^s(p)m adored form cannot be obtained, although they are given numerically 
by Bme and Heitler VHien the screening is oomidete, p tends to zero and then I 
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and xt ^ log(1832*^) In a previous paper Bhabha and the present author (1043)^* 

while developing the Cascade Theory, have assumed for simplicity that p wO always, what¬ 
ever the values of and E may be This will certainly mtroduce some error, whioh wQl 
be larger for heavier matenal smoe the radiation and pair oreation processes continue to be 
the dominating ones in heavier materials at much lower energies where the actual cross- 
sections dififer largely from those for the case of complete screening We have discussed 
in the previous paper, to what extent the final result will be in error due to this approxi¬ 
mation purely from the physical nature of the problem It is the purpose of the present 
paper to study this deviation analytically as mr as possible m oraer to get the resulta 
of the Cascade Theory more accurately, particularly tor heavier elements The funotvm 
iZ(ii;, E^) 18 not only a function of the ratio E^lEy but is also a function of Blmc^ But 
for Bimplioity and mathematical traotibihty, we have m previous papers replaced S(B, E*) 
by J9o(£r, E*) to which B{E, E*) reduces m the case of complete screening In that case 
B^{S^ E*) IB purely a function of E^jE and the cascade problem can be solved exactly as 
has been done m the previous papers (Bhabha and Chakrabarty, 1942) f 
The expression for S{E, E^) can be wntten m the form, 


where 


So that 
where 


B{E, E') 


fl t \ 
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L'-(3+*) 
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4 log(1832^*) 
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s ^ ~^42lp) 

^i(/>)4‘4 logZ ^ 

B{E, E') « Bo(E, i?')l{^i(p)+4 logZ-*}/4 log(l83Z-i)] .. (6) 

Bo(e, E ')«1 -(2+»)(§f - ^) . (««) 


« can be eofely negleoted, eince for all elemmte it le very email, but m order to ocnnpare 
the reeolte vrith those of the previous papers, where it has been retomed, we have also 
letomed it here and have treated it to be a very small ocmetant (<«0 025), neglectiiig its 
variation with Z and p 

From the graphical representation of ^i{p) as given b> Bethe and HeiUer, it is 
clear that to a very good approximation ^i(p) can be represented by the fidlowing 
equation 

^i(p)-41og(188)-4p+ap* . .. . (7) 

where a 70 It may bo noted here that the mtroduotion of higher powers of p namely 
p* p4, . m (7) may give a much closer approximation, but the following anidysis 

wUl show that the effects m such terms are unimportuit m the calculations of the Oaaoade 
Theory 

In the case of the bremsstrahlung process p is given by 

lOOmc* E' mrne* fi rS'B'*, T . 

ji!{E-E')’“ 2eIe'*’E»'^ J * ••'«»> 

and for the process of pair creation we have 

lOOmc* E 
^ B’(B-~-E') 


200me> fi 

■* 2E 




* To be rofeiTod to in this {M^or m A 
t To bo nfonrod to in this papor m B. 
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But for different materiak (i e for (hfferent values of Z) 


RH will he apparent from the following table in which the value of 


iH given tor different matonals 


TabIaB I 



All 

HsO 

A1 

Fe 

Pb 

p 

1 10 

1 10 

1 16 

104 

0 93 


It may be noted here that fiZ is not completely mdependent of Z but vanes slightly with 
the material 

Substituting these values of p and simplifying we see that the cross-sections 7r(iEf, E')dE' 
and y{E, E*)dE* for the processes of Bromsstrahlung and pair creation are given by 


E'dET Z 6 /E' 

Z a / 800i«e« \ f j 

4 fz" J 

,(*, *■)«■ . A l!.(r, ^ [l- 1 A |3+^+(,_ j 


(Oa) 


82 4 ' 


m) 


whore 


" 137 (me*) ('83Z~‘'*) - r^N‘ 


and Mo(S, E') M the value of S(E, E') when the screening ts complete luid is given by (6a) 
Ctaly the flrat terms m square brackets of (Oa) and (96) were taken m A and B, 
to which the present expresatoiu reduce when £-»-ao, i e m the case of complete screening 
Ba equations (8) the powers of E'JE higher than (E’lE)* have been neglect^ The addi* 
tion m fnrther terms oontaining higher powers of (E'/E) or (1 —E’fE), however, will sli^tiv 
alter the valuea of Oti 6«, e«, d aa given m (18) but their ultimate e^t on the final result 
wUl he negligible aa wiU appear from the next aeotion Thu is dso justified amoe the 
oaae when E'-^B, is not important for the oaaoade prooeas Moreover in tins region the 
ezpreationa obtained by Bethe and Heitler are not valid, amoe they have used Boro’s 
approidmation for the oaleulatioas which agam is not valid when (E’fS)-*^l It u also 
olear that although (9a) and (96) differ from the mqireaaions given by Bethe and Heitler 
in this legion, ite oonaequenoe on the Ciaeoade Themy will be unimportant The expceeahma 
tot the oroes<eeotioae given by (9) have been ptotted for some diffnent vahiee of E, 
together with the oorreepoiiding oorves obtiunea from tiie Bethe and He^er ei^ceeaion. 
la fig. t, I have drawn tM figom for Pb, Iwt it oaneatily be seen that the fit fiw similar 
outvea for lighter elomantiiew be mnoh better tiian that fo the ease iff Pb. Fig.lehowa 
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that the fit between the ounres obtained from (9) and the oorreaponding Beittie-Heitler 
uorvea ib quite good except m the region when where, for reaeons stated above, 

the Bethe-Reitler curves are doubtful and posaibly the true curves will tend more 
towards that given by (9a) and (96) To my knowledge no one has as yet treated the prob- 
lem without using Boni’s approximation for the relativistic region, but Sommeifeld (1931) 
has discussed a similar problem for the non-relatmstio region The trend of his curves 
m the region where (^7^)*^^ suggests that even in the relativistic region also, the curves 
will tend to a fimte limit instep of tending to zero and will probably approach more 
towards the expression given by (9) This has also been suggest by Betho and Heitler, 
The two sets of curves as drawn m Figs la and 16 differ appreciably when p is not small 
For that region the higher powers of p should be uitroduora in (7) and also the higher 



Fio. 1(a) Difforential radiation probability por radiation length of Pb for elootrona of various 
onergieH. The numbers attaohed to the ouxvea indicate the energy SI of the 
primary particle. Solid Imee oorrcepond to equation (Oa) and the dotted Imes 
represents Bethe-Heltier curves. 

powers of and (I •^E'jE) m (8) But then again the contributions of these terms in 
(9) will mutually cancel each other to a large extent In the expressions (9a) and (96) even 
the term oonwponAmg to oocurrmg in (7) can be neglected entirely fbr the subaequent 
calculations Since this term will give a term proportional to {E'/E)^ which again is 
multipliod by {fifE)^J^, we shall be justified in retaimng terms up to {E^jE)^ m p even if 
we neglect the term op* complstdly m (7) It will, however, be dear from fig 1 that for 
the region vdiere these processes are of importance m the calculations of the Oasoade TQieoxy, 
the results obtained with the oross-sections given by (9) will be much more accurate Vkm 
with the exprcBdons for (Kmiplete screening even in a heavier material as Pb. Moreover^tiie 
terms oontalmng p«, p*, ,. m (7) will introduce teems containing (j8/j®)*, . 
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m (^) and (96) But it will appear from the method of obtaining P(Et 0 <uid Q{Ef t), 
i 6 the number of particles and quuita m the energy range E and E+dE, that such terms 
will give a neghgible oontnbution in comparison with that oontnbuted by the term 
independent of j9 and also that containing (PjE) Ckinsequently, to the order of approxi¬ 
mation we require m the present paper we can consider the expressions for the cross- 
sections given by (9), even without the last term, as &irly accurate This we shall use 
in the subsequent ocJoulations 



Fio 1(b). Difierential probabihty of pair production per radiation length of Pb for quanta of 
various energies. Solid lines are those given by equation (96) Dotted Hn** 
oorreqxmd to the Bethe-Heitler curves. 


In addition to the process of pair creation considered above, quanta also sufiFer scatter¬ 
ing by the Compton e^t and at low energies this process is more frequent than pair crea¬ 
tion. But in the energy range, with which we are concerned in the Cascade Theory, the 
ener^ loss due to Compton effect is very small, and so was n^laoted entirely in the 
mevioas papers But m the present paper we can also take into account the effect of 
CGoapton Boattming. The effective differential oroas-seotion as deduced from the Klem- 
Nishina formula is 




( 10 ) 


uriiiete to, heat the initial and final energy of the quanta. Oonseqaently, tiie average 
energy iMt by a qaantum per om. path in a sabetanoe witii atomic number Z is given by 

Nzjiko^k) d^mi ^ «n*tf^sm mdo» (11) 

where h#Il+y(l-oo8#)]-» and ymh^fn y^rntme* .. .. (12) 

1 
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Therefore if £ be the energy of a light quantum, then due to Gomptm aoattenng the energy 
loss per om of the path is given by (10), (11), and (12) by a simiue mtegmtom so that 

(-G+('- r ?) r p) 

.1/. 2 1^ 2y(2y+2) 1 2y(4y«+4y+3) i 

■’'2 r'"y”y*y (j+2y)« 3 (l+2y)* J‘ *■ ’ ' 

For tlie range of energy with which we are concerned y^l, ao that (13) reduces to 


(“ S NZni^ro* {log (l+2y)--6/6} 

' oomp 

Coiuequently, expressing lengths m the oharactaristio unit we get 



oomp 




(13a) 


(14) 


Where ff can be treated as a constant, like the mean collision loss j9 for all energies More¬ 
over, as has already*' been stated m A it is now clear from (14) that jS' will be between 
one-eighth and one-tenth of p So that the error introduced duo to the neglect of jS' in 
the previous papers is negligible 

FoUowuig the gener^ methods oi the previous pa 2 )er 8 wo see that the equations for 
P(S, t) and Q{E, t) are given by, 


dP(E, i) 
dt 


f F(u, ()ir(w, u—£f)dei— f P(Jlif, i?—w) dti 

J A J li 


+2 f*0(«. t) y(tt, £) du+jl 
« J“p(M, t) tr(«. E)du-j \(E. t) y(E, u) du+fi' 


dt 


. (18a) 
. (18b) 


where the last term on the right of (156) represonta the efiPeot of Compton scattering. 

As before, applying Mellin’s transform and defining p{t, (), g(«, f) by the idations 

p(s, t) m r^«- > P{E, t)dE ; q(t, <) - f*i?—Q(if, t)dE .. (16) 
Jo Jo * 


<)+i*iff(«i*)-j8[{*-l—*a,)i»(s—l,«)+x6^(s—1,«)] . (17a) 

w C,p(9, O-f {(*-l)/J'/i5~*«*}?(4-li <)] .. (178) 

where x m Z/SSi and A„ B„ C„ D, are functions of s sad hare been defined in A and 
Band 




1 1 




( 18 a) 

.. ( 188 ) 


7 » 




l>AlB-CBllATtOir FBOOBUS AND ITS COMSXQDSNOIS ON THE nAHf!AT»)B THXOBY 329 


1 ra' a'—1 , 1 T 

”■ «+2 ■** a + 3 J • •• 

where 

.--( 5 +.) 

Tt will be clear that the terms contauung x in equations (17) are the ooiiec turn U^nns 
mtroduoed due to the modified forms of the cross-seotioos assumed, and when x is put 
equal to aero, they reduce to the equations given m A 
Elmnnating g(s, t) we have from (17) 

(^. +D) ^^+{A.D^B,C,)p{a. t) 

« - j+QO«)+ (19) 

whert» 

Mg «f { l+fi^Bgi.ilfiBg]6^x{ag^i+Ba^idJBg } (206) 

The boundary conditions are, as before, given by 

p(a, 0) « • «(«» 0) « 0 (21a) 

for a shower excited by a particle of energy £o 
So that from (17a) we have 

- -£o*“‘ [^+ ^ (21fcf 

We obtain a solution of (19) subjeot to the boundaiy oonditious given by (21a) and 
(21b) 

As m A here also we assume foi the solution of (19), 


“ 2mFo j 


t'o 




The assumptions as to the nature of tho functions t) and f{s, t, /3) are exactly the some 
as in the previous case. Consequently, followmg the general methods of the previous 
paper (A) it is easy to show that the boundaiy conditions for /(«, t, fi) and g*(a, i) for a 
partiole>«xoited shower are given by 



/(*, 0, /J) - 1, {|/(«, <, p) 

. (23) 

and 




0 ) - 0 { g*{4, 

(24) 

So that 

if we assume as before. 



/(«, *. 18) */e(s. *)+(^/!«. <)+(^Vs(«. 0+ 

. (25) 
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and Bubstitute m ( 22 ), and uuert the oorreBponduig p{», t} derived by (16) in ( 10 ), then 
it can be shown exactly as m A that 


fo(«> <) 


M0^Ag 


. (26) 


where A„ ft, have the some values as m the pieviooB case , and 

(,_1)„*(,«1, /)/o(j-.l, 1) . 

Ls^i^JUg^iAj^i P—If,,!—1 

A„)(A,-i—/!,) A*-i A*)(/Lt,-i—#*,) A,-i) 

where h,, js are arbitrary functions of s independent of i and are to be determined so as to 
satirfy the bouifdaty ocmditions (24) 

We, thus, have 

1 r (X,-JfA)(P-A,) exp(-A^) _ A^i)(P-A,^i) exp(--A,4i0 

4 .^ (c-*«-n* c ~**‘*^0 

-B« M»+i—A,f 1' 

(Xa—Jf«/X6)(P—/X,) exp(—firf) ^ {Ls—M^sA^i){D-^fis^i) exp (— 

(/Aj—Aj)(/A*^A«+i)(f**+i—Af) (f*$+i'"A|+i)(f*s+i“”A«)(fA^+j“/A») j 

-Bo that, except for small t (when all the terms except tiie first term m both the nnmmator 
and denominator on the right aide of (27) ore negligible), we have 


<) 



r L,-MX 1 
L(Ai+i “”A») (ftf+i^Af) J 




(D—A*)s 


9o(«) 


(28) 


The coefficient of po(«) <m the right side of (28) reduces to 1 when « >■ 0, which it must 
be in order to satisfy the phyaicd nature of the problem 
It can be shown as m A that asymptotically foe large s 

^•(s,l) «t; fisr «'«1 

>-^^exp {«'(y-l)+i-/)M; forl<«'« 2 , 
and 


»*(•. *) 


2 , _ {i)+a'(l-y)-|}d 

_^+*-g- 


s; for «'<> 2 , 


which shows at once (hat /(«, () m g($, t) when s ■■ 0, even asymptotically. It may be 
noted here that £at the convergence of the solution given by (28) it is mily nao e a sa iy that 
the real part of (/*{«, I) la not negative at any pomt of the oentoor for (he e*inte|^ation. 
This has been shown 1^ Iyengar ( 1 M 2 ) and also by mem another paper. The condi t ion 
that |g*(s, () I-* 0 , when s>^ao which was fanposM in A is only a snfflcient condition 
and is not nsceaeary 

Dcom the tabiM given in A for tiie valute of A*> Pw etc. the vahieB of L,, M» foe 
diffisrent values of s can be easily obtained. The vahus of ^(s, 4) ean tiien be deifwsd 
with tixe help of (28) 
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The values of 0 for any material can now be obtained by substitating proper 
values of x For the purpose of companng the results of the present paper with that of 
the previous papers wo have also negleotcd the efiFect of the Compton scattering m the 
subsequent calculations, but, if necessary, this can also be retamed m the general scheme 
As di^Bsed before, it is clear that the effect of the Compton scattering is very small 
compared to that of the other processes considered here 

The function /) is zero when i) is given by (27) The functions / 2 (s, t), 
fzi^t t)t eon be calculated at once, but it can be shown, as m the previous papers, that 
the contribution of ff{a, t) to thevaluo of P(E, /) is usually small compared with that of 
/o(s, The contributions of the sncooeding terms will be atiU smaller It is, therefore, 
dear that an exact formal solution of (19) can be written m the form (22) with the functions 
f{a, jS) and g*(s, t) defined by (25), (26) and (27) 

We thus have 

P(E,t) m P^(Ej)+Pz(E.i)+Ps(E,t)+ . . (29) 

where 


Po{^> 0 

Pt(E. i) 


Te; J lE+fig\s, <)1 * 

O—too 

j iw) •^*<*-*>* 


(30) 

(31) 


and so on It is now clear that a modification of the expressions for the cross-sections 
of the different processes, winch was made m order to see the dependence of the cascades 
on the nature of the material, modifies the expression for the function g{s, t) defined m 
the previous papers, and has to be replaced by the function g*(s, t) m the present case 
The functions t)^ t) etc will also be changed, but the consequent change m 
the final result due to them is insigmfioant 

Except for very small t the mam contnbution to (30) comes from the first term of 
/o(^» 0 oontammg exp (—A«<) so that we can take 


too 

^ 9 —too 


(32) 


The values of P^{E, t) can now be oaloulated for differaat valuee of S and t by the saddle 
point method, and the methods of calculation have been shown m a previous paper 
(C9iakrabarty, 1942) 

To get the total number of particles N(E, t) whose energy is greater than E, one must 
mtegrate (22) with respect to E from £7 to oo We therefore have 

N(E,i)mNt(E,t)+Nt{E,t)+N,(E,t)+ . .. (38) 

where 

ir+too ^ 

{5+#(M,r I"*) 

9“ too 

As discussed m A and B we can consider an electron, whose eneigy has Alien as 
low as twice the rest energy, i e about one million electron volts, as stopped. So that no 
dectrons of lower energy need be considered m our caloulations The total number of 
partides m a diower is, therefore, given by 

*9*f“ fflO 

* 


^c(AM)-5LJ 


^^»«)+-y$(*)+^,(t)+ . 


(84) 
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where, 


NoH) ‘ 


{2nie*+pg*{», *)} Ji:7•/»(«.*) * 

c—loe 


(34a) 


As in B here also we can neglect the term 2mc^ m (34) except for very small t 

Equations (33a) and (34a) give respectively the first terms of a series, of which the 
successive terms come through Pzi^, t), Pz{B, t) , m (29), but tihe contribution of 
these terms is much smaller than that due to JPo(i?» Consequently, (33a) and (34a) 
con be considered as giving the values of N{E, t) and i\r(0 respectively with an error which 
can be shown as m B to be less than 30 p c except for thiokneases so great that the shower 
has been completely absorbed In the position of the maximum, the error is certainly 
lees than 10 p o But in any case, the values of P^(E, ^o(‘^> 0 ^nd JVo(0 obtained in 

the present paper when compared with the corresponding values obtain^ m A and B 
will show quite accurately the effect of screening on the pair*creation and radiation cross- 
sections and also its consequence on the Cascade Theory 

For a given value of Eq the maximum of N(^{t) except for very small t occurs* at such 
a value of t that the corresponding value of Sq is 2, i e when «■ 0 Calling this value 
it follows that 


and the corresponding value of is given by 

where 


(3Ca) 


and 








Vo - iogtiEolP) 

From (27) and (28) it w clear that except for very small t, p*(«, t) m g^{a) so that with 
this approximation (a similar approxiraation was dso made m B) we got for Pb and air, 

UPb)-101 y,-0-920 . (38a) 

(,(aiT) ■« 101 Jto—1 856 (366) 

and nonseqtiently, 

NJTh) m 0 628 -25EK5-0 199 (yo+0 486)"* erpy, .. (37a) 

{2«r(l-68W,+2 203)}* 


NJmt) - 0 637 -« 0171 (yo-1 76)-4 exppj,.. (876) 

{2tr(l661«,+0124))* rw 1 / 

Equation (30) shows that for a given value of y, the maximum of Na(t) ooonn at a greater 
thickness for heavier material, the value of N^, however, d^eDoa on the value of 
The values of 3^(t) can now be daloulated for dhSerent values of m and t and also for 
different materials by takmg the oonesponding vsluee of tr Bx II the values of 
iVo(<) for showers pnmuoed in Pb have been given fox different vidnee <ff and only for 
two different values of i, via, 4 and 10. The oMrespoiuUng values obtao^ m B have 
also been mcluded for oompanson. For t m 10, the valnes of 2^,(0 ^ have also been 

given. The table shows the dependence of foe (Wwdss on foe nature of foe material 


* Of fbotoet* ott page 47S In B. 
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TaBIiB 11. 

Values of for different values of yo and i in Pb and air. ^i^nts the 

corresponding values as obtained in B 



HI 

3 5 7 ft 12 16 

1 


1 390 1247 60 40 206 2 932 0 4670 

1 181 13 78 69 91 2412 1117 6439 

10 


0 1601 3 216 46 07 466 3 8682 106300 

0 0440 1 749 33 61 406 6 8357 226700 

0 0366 1 613 33 26 302 2 8073 229600 


Corhen (1941) has given an analysis for the calc'ulations of Cascades m a heavy material, 
where he has taken SerlierV results as the basis of his calculations For reasons already 
mentioned in A and also m another jiapei (Chakrabarty, 1942) these results are seriously 
open to doubts Corben*s expression fot iSr(^) is a series m ascending powers of ( and it 
IS very difficult to estimate how far it is possible to use his result for large t In fact, for 
large values of t the expansion has little meaning as the author himself realises Moreover, 
he has ultimately neglected the variation m the oross-seotion for the Bremsstrahlung 
pxocess There is, however, one unportant difference between the present analysis and 
that of Corben Whereas the piesent analysis reveals tliat the modifieation of the ci*obb- 
seotions shifts the position of the maximum of the shower transition curve to a greater 
depth, Corben has stated that the corresponding shift is in the opposite direction The 
values of for a given JEo, as given by Corben are much higher than that obtained here, 
which is probably due mainly to a similar discrepancy between the values of given by 
SOTber and that obtamed m B In Table III the values of for some given values of 

Tablib m. 



156 

1660 

16500 

N,(Bb) 

HHIRH 

no 

971 


(148) 

(1660) 

UPb) 


6 49 

8-82 

A',(air) 

14 6 

112 

944 

(21 9) 

(200) 

(1940) 

«,(air) 

323 

666 

7-88 

3r.(S) 

1 

1<53 

166 

171 
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EqIP, hare been given for two different matmals^ viz , Pb and air, together with thoee 
obtained by Corben, which are placed within bracketB In the last row of the table u 
given the ratio of the values of Nm ^ obtained by Serbw to that obtained in B The 
values of for Fb and air os obtained from the present analysis are also included in the 
table 

Smoe the modified forms of the cross-sections, as compared to the original ones con¬ 
sidered in A, show a greater probability of emitting relatively low energy quanta and these 
low energy quanta in turn have a lower probability of creatmg pairs, it is clear that 
at the beginning the number of shower particles will be loss Also, smce the mean radia* 
tion loss is now less, the shower production process will contmue to a greater thickness 
of the material thie to the reduction of both the radiation and pair creation cross- 
sections the whole curve is shifted in heavy materials towards greater depths. In effect 
the oharaotenatio length is slightly inoreas^ * The change m the pair-oreation cross- 
seotionSi however, will give a greater number of particles as compa^ to the previous 
one, beyond the maximum of the transition curve Whereas this later variation has also 
been obtained by Corben, the former ones are just opposite to what Corben has obtained 
All the above mentioned features are clearly shown m fig 2, where the shower transition 
curves for a given yQ (say jfo ^ drawn both for Pb and air, together with 

the similar curve obttwed when the variation of the oross-seotions are negle^ed as was 
done m the previous papers (A and B). 



Pro. 2 Shower transition curves in Fb and air for a primary particle of enetgy P$K 
Dotted curve ooftesponds to the case of complete screening 

In the previous paper (A) we have shown purely on the basis of pbyrioal considerations 
that the inacouraoieB introduced due to the approximations made on the expressions for 
the oroBB-Beotkms will be much less than SK) p o m the cose of air but will be of the osrder 
Qf2Qpc m the case of Pb. We can see now fiom fig. 2, how &r this is true. 


* 1 am tndahtad to Dr. Bhabha Ibr pomting out this to ms m a private eomirturtinatfan. 
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Abstbaot 

Espregsiom, oormet ta the firet order in e*, are obtained for the chargee mdnoed m the vacuum 
of the vector and eoalar meeon theonee by an eleetnn field rdueh le aammu^ to be much enuiller than 
a critical field The method of raloiilationL that hae been flowed le eomewhat wmilar to the subtrac¬ 
tion formalism of the positron theory Tlio deviatums duo to the emstenoe of the polanaation of the 
vaouum from Coulomb’s law for the mutual potential energy of point ohaiges have been calculated 
mie eilcct of these deviations in modifying the Coulomb scattering law for heavy particles has also 
been discussed. 


Intbodfoiion 

It has lieon shown hv yarions authors (I)irar, 10.34, Heisenberi;', 1034, Fnrry and 
Oppenhemer, 1934, Piorls, 10M, Serher, lilt's, Uehling, 1935, Wersskopf, 1936) that 
the theory of positron prodnees certain modifications in tho Maxwell field equations by 
the addition of terms whioh may he luioar and non*bnoar These modifications occur 
as the electromagnetic field induces a charge and enrrent distributions due to the creation 
and annihilation of electron-positron pairs The presence of the non-hnear terms in¬ 
validates the principle of superposition of two fields, and gives rise to some processes 
which ore impossible in principle according to ordmary electrodynamics, viz the process 
of scattering of light by light, etc The linear terms, on the other hand, give a non- 
vanishing polarisabihty of the vacuum 

The vaouum of the meson theory has also anidogous properties In this theory the 
existence of positively and negatively charged particles, and the creation and anmhi- 
latum of meson pairs are tho natural consequences of the theory without any special 
assumption about the vaouum as in the positron theory But the general problem here 
u much more complicated than that in the positron theory In this note, for the sake 
of simplicity, we wish to investigate the effect which modifies the Maxwell firid equations 
by the admtion of linear terms, that is, winch oorrespemds to a non-vaiushmg polar- 
isability of tiie vaouum in the meson theory Furthermore we shall restrict ouimves 
to tiie case wluoh is produced by a rapidly vaiymg external eleotno field For this purpose 
we dhall start with the Duffin-Kemmer’s (1939) formulation of the mesem theory, the 
advantage of this formulation is that the results for theories of particks with spin one and 
tero are obtamed fixnn a single scheme 

As in the positron theory we shall assume that the onUcal fidd strength of the meson 

theory is and restnet ourselves in those regions of space m which the 

external field mtensity is small comjMied to tiie critical fidd, but with no leetnctions 
on vorlatira df this intensity ^rther this field is to be considmed switched <m 
adisibatiot^y increasing firom zero to some constant value canesponding to the presence 
of the external eh««ges. On these assumptions an expression for the induced charge 
dfateibation will be cMduced, defining this quantify as the difFerence between the oontn- 
butiflos to the expectation value of the vacuum dietributiem m the preeence and abeenoe 
of an axtemal emisio field, ^is expreesion, howevw, does not tom ont to be finite 
and cannot give arfy eensible interpretation to the problem. A cjuite dmilar situation 
dso arose in the pMtion theory, ydiere Heisenberg fdlowing tiie su|$;estion of IMtac 
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was able to obtain unoonditionally convergent oxpresBiona for the expectation values 
of the physical quantities, this convergence is achieved by taking the density matrix 
in non-diagonal form and subtraction from it of all the singular terms It is of oourse 
possible alw) to subtract hiute terms Heisenberg has included such a term and hia 
dejhnition of the physical quantities is, of course, oonsistent with the vanishing of the 
polansation of the vacuum for slouly varying and weak fidds In this paper foUowmg 
the method of Pauli and Bose (1936) a simdar subtraction formalism wdl also be adopted 
to ignore the singular terms in the induced chaiged distnbntion and to obtain ^te 
deviation which can be given an unambiguous meanmg Wo shall not discuss here the 
question of uniqueness of the result, nor we shall claim it. 


1 Equations of Meson and Pkbtubbation Theoby 
The meson is defined in the presence of the electromagnetic field by the wave equation 

0 ) 

where ^ > X 4 a ^ The /S-operators satisfy the commutation rules 

P/lPpPp+PpPvfifl^Pffiyp+PpKll • •• ( 2 ) 

The equation of supplementary condition is given by 

with the help of which we can ohnunate those oomponenta of ^ for whioh j 94 ^ ih zero and 
which are not directly quantised Repeated auffixea mean aununation, Greek aufilxes 
run from 1 to 4 and Latin from 1 to 3. 

The plane wave solution of the equation of meeon is 

“P {(J.r)/»}.W 

where 6 , ±1, In the vector meeon theory (epin one)» the 

are ton-row square matnoes and u’s are column matnces of ten eluents For a givmi 
p there are six linearly independent solutions of the form (4), three of which are 
associated with the positively charged states for which CaMi +1 and three with the 
negatively charged states for which a. « — 1 , and cone^nd to the three states c£ polar- 
isation whioh are taken to be transverse and longituduuu to the dneotion of motion In 
the scalar meson theory (spm zero), the /S’s are five-row square matrices, Aece are two 
linearly mdepmident solutions, one of which is associated with the positively charged 
state and the other with the negative one, and the polansation is longitudinal 

We suppose that the meson to be initially in the state At any subsement time 
after the introduction of the field let the wave function be which is expanded as 

4 >» ‘ • • • • t®) 

m 

We now write the equation (1) in the form 
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and dumnate with the help of (3) from the right hand side those oomponents of ^ for 
whioh Piip is zero, and get 

Now sinoe 

we have firom (5) and (6) 

tn m 

Multiplymg by on the left and mtegratmg over the whole oo-ordinates space and 
applying the normalising condition 

where 1J4 m 2j8j—1, we obtain 

^iir(0 ®* • (8) 

m 

where 

exp J (p.-p„ r)* ^ ( 9 ) 


For the Bake of simplioity we shall work outtbeoasein which A ■■ 0 and p&O and be 
interested only in the charge density but not in the current density Since we shall confine 
ourselves to the approximation in which effects proportional to the powers of the constant 

a ■■ higher than the first will be neglected, there will be no loss of generality if we 

expand Aq in plane waves of which the one Fourier component is 


.do ■> oq oxp (ki)— cV}+oonj, and A >■ 0, 

where k is the propagation vector, and according to the Maxwell equations 

3qW 


( 10 ) 

( 11 ) 


where jo(>^) u the charge density which produces the field do 

Then following the method and assumption of Heisenberg (1934), we get m the usual 
way from (8), (9) and (10) 


_ oq exp s 


+««(P.-k)*i84«(p,) 


ojwsp j (e«F,-6,JP,+(ji%,)< 

6*®,—6jf,+ck# 


j+8. 


Hence tiie solution of the equation (1) m the first order perturbation theory vrtiea is 
given by (10) can be wntten in the fom 


^*(P.»)-^*(P*r)+d*(P.»)' 


(12) 
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where 


«0 exp - J {^(P+k)±if(P)+c*b}* 
+ «-(P+k)*^ 4 «*(P) - ig(pW:^W + ^ - 


+ » 4 +(P-k)*j 84 tt*(P) 


aj «p 1 {£(P-k)T^(p)+ri^j, 
A’(P-k):f^(p)+f*b 


+ (i-(p-k)*/S4tt±(p) 


®o «*P ”• I {J®<P-k) ±iS(P) -cib} t 


^'(p-k.r)]. 


^(P-k)±A’(p)-civ, 
whwe the index + or — coriesiXHida to positively or neitativdy chaigpd state 


(13) 


2 Thje Ikduoki) Cbabob Dkmhitv. 

The charge density in the present theory is defined by 

p » e^txrmt') 

Following Heiseaberg’s rule we rejilaco this ohairge density as in a previous papw of the 
present author (1943) by 

p-| {^(r')*)84^(r*)+^4^(0^(r')*/5*} .. . (14) 

where in the second term is a single row matrix and is a smgle column matrix, 
and this definition is taken for symmetricising the density matrix between positively 
and negatively charged mesons Now if 

^ - i:{«(P)^+(P) +6*(P)^-(P)} .. (15) 

p 

18 the wave function unperturbed by the field and is the correction in the first order 
perturbation theory, then 

!^i«i:{o(p)^+(P)'+6*(P)^-(P)'} . . (16) 

p 

where ^‘('(p)'and ^"(P)'are given by (13) Henou 

(r'lplO-(r'|pelO+(»'l»p|n 

where 

(''l/»olO - 5 {^(r')*^4^(r*)+/J«^(t')^(t')*/^} . (H) 

and 

(»' 1 *P I »•) -1 {^(r')*i 844 'i(»*) +/J 4^{0 i^i(»')*J^ 

+^»(»')V4^e(»')+^4#t(OAi(»')*(S5) •* ' •« 
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to A first appozunation If (16) and (16) are now substltated m (17) and (18) and only 
the diagoniu elements with respect to time variable wee retained, (V'|po|>*) for the 
vaottum vanishes while (18) in non-diagonsd form m qiaoe co-ordinates becames 


(r'lSplO r')'+^+(p, ty*Pt^+(9,t’)} 

p 

+(iN-(v)+l)[^-{ 9 , fy+ 4 -{jf. r')'*/ 84 ^-(p. r')}] 

where ^“^(p) and ^‘(P) give the number of positive and negative mesons m the state P 
For the vacuum N*{9)"* ^"(P) ■■ 0, and we get 


(r' 18p I r*) -12 r')*M+(P. r'l'+^+iP, r')'*j94^+(p, r*) 

p 

-{.^-(p, r')*i84^-(p. t')'+^-(p, t')'*/l4^-(p. t')] 
Then by (13) after some calculations this assumes the form 


e* ^ r{ tt-(«+k/2)*i34«+(a-k/2)} {«+(a-k/2)*j34a-(q-|.k/2)} 

K Z L ^(a+k/2) -|.if(tt-k/2)+c*to 

4 


{«+(q+k/ 2 )*j 84 tt-(q-k/ 2 )} {M-(q~k/ 2 )*i 84 w+(q-bk/ 2 ) j 


where 


i:(q+k/ 2 )-)-^(q-k/ 2 )-ci:i, 


] ^o(») 


exp = (qy) 


B 


r'+t' 


-r' 


(19) 

( 20 ) 


We shall now sum over the directions of polarisation m the states q>f k/2 and q—k/2, 
the detail method of which and of the subsequent spur calculations are giv«i by Booth 
and Wilson (1940) On performing the above operations and roplacmg the summation 
over q by integration, (19) assumes the fonn ■ 


(r’lSpOlO 


— f (*+**)(*~*')* 

2c (2w»)» J „'{(,+,')S_i^} 


exp j(qr)<iq 


for the scalar meson theory (spin awo), and 




W i4o(B) r s+c^ 

2c (2ir3)»J 


{(«—')* 


p»p |(q»)dq 


( 210 ) 


(216) 


for the vector moson theory (spm one), where 

, - [(q-k/2)«+wM]*, s'- t(«+W+w*«»]* (2*) 

For 6^ MB 0 the expression (21a) for the scalar meson theory is in agremnwit with the cone- 
imnAing expression given by Fauli and Weisskqpf (1934). The eiqireBsioiis (21a) and 
(216) are Uie diSerenoes between the charge density matrix in the presence and the abeenoe 
of the external field in the approximation in queethm. They are the Founer ampUtadee 


• Thwmgboiit the paper the rasolts with indsa 0 refer to Mm sealer I 
to the vseler asasoa thaeisr. 


tiMoiy and with adsK 1 
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of the charge induced by an eleotno field which is everyKdiere small oompaxed to the 
oritioal field Fe ^ Uaing the relation (11), (21a) can be wntten in the form 


(r' i Spo I r') » _ ^ to .») 


-^yoat)JP»(k.i%,.r) 


where 


J®(k, to, I) 


2irl;* 






and (216) in the form 


(r' 1 8 p» I r') - - ~ 0 ^o(B)J^(k, k^. t) 


(28a) 

(24a) 


where 

Icq, r) 


-”1; ^o(B)J^(k.lv,.r) 


(236) 






For taaO the integrals (24a) and (246) do not turn out to be fimte Fdlowmg the 
method in the positron theory we shall mtroduoe suitably obosen subtractiTe terms 
dqiendmg on r in such a way that the diflerenoe is finite for r m 0 These subtractiTe 
terms will in general be the smgular terms It is of course possible also to subtract the fimte 
terms These terms are to be so obosen that they normaliM the polarisation of the Tacunm 
for slowly varymg and weak fields to zero For this purpose the method of Pauli and 
Bose IS follow^ here For large q or what turns out to be the same for small Talues of k. 


and to a better approximation 


c ~ ~ (mM4-9*)^ 

' ' (»»M+««)’ 


[..'(.+.'){1- 


JLxr' 

(€+e')«/J 


_ I _ u » ** 

2(m*c*+J*)* ^ §«»*c*+ji* 


, 8 «k)« .1 *0 1 

'■8(m»<!*+3*)*‘^4 »n*c*+ 9 « J 


So we can split up each of the integrals (24a) and (24b) into two terms 
F0(k, to, t )» F;(k, »)+J5(k, to. t), 

and 

FMk, ko. t) - F|(k, r)+Fj(k, to, t), 

where 


Fj(k. ko,t) 


4ir J LmM+ J (mieS4.gS)i 


. (2fa) 
.. ( 2 ») 

.. (26a) 
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and 


©«p j(flr) 

0 lieing the angle between 4 and k, and where for r b 0 

fHk. ko) - i^’(k. 0) “ ^ j “ 2 


and 


(266) 


(27o) 


Mk. k.) - f j(k, i., 0) - Jp| {<— 


For r w 0 the integrand in decreaticH like for largo values of q and therofon' Fj 
diverges logarithniioally» the terms in the integrand in Fj deoroaso either us g-® or g*i 
for largo g and therefore FJ diverges both loganthnucally and quadratioally, while 
both in FJ and FJ integrands decrease with the higher order g“« so that the total 
integrals given by (27a) and (276) are convergent If one identifies the subtractive 
terms with Fj(k, kb* **) given by (2fia) and (266) respoctivoly, one 

then gets from (23a) and (236) by putting the * off diagonal distance r, equal to zero 

. (28a) 

for the scalar meson theory, and 

(286) 


for the vector meson theory, where the functions/(*(k, ko) and/^k, ko) are given bv (27a) 
and (276) respeetivriy The expressions (28a) and (286) may be considered as the induced 
charge densities In the two theones 

On evaluating the integrals (27a) and (276) foUowmg the procedure of Pauli and 
Bose, we get 

«i 

/"»■*.) -/W—J r+i^:iir' '“•> 

* 0 
and 

^(k,i(o)-(l-5i)A2/). . .. (296) 

where 

L - (ifc*-j(^/4»»M . . (30) 

It ihonld be noticed that both /^(k, ko) and/>(k> lb) do not depmd on k and ko separatdy 
but on the single combination L which result is a consequence of the LmentB invaiionoe 
of thefermaUsm. 

8 
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f(L) oan be written m the form 

M) —■ 

where 


M)—l[-t 

'‘H 

(31) 

«(il -1 

dz 

1+L(1-2*)' 

(32) 


V 

The evaluation of (32) la simple and the results given by Pauli and Rose are as follows 
^(i) » [L(l +L)J"* log [(1 for >o, (33a) 

^(i) * [|J[/|(l-|i;|)J"* 8in“i|L|*, for-l<L<0, . (336) 

^(i) »i-[|L((|I,|-l)]-*logt(|Z»|-l)*+|£|*] forL<-l . (33c) 

In the last case the integrand has a singularity at one point of the integration patii, via 
at s B ^ ^ » 0,0^ QJJ0 jjj^g fo take the pnncipal value 

For large positive values of L, we get asymptotically 

P{k, 6o) ^ g — ^ log (2L*), (34a) 


For I jh I < 1, one get 


/•*{*, *to)»gi[-|+log (2L*)]. 


/®(i» Aq) ^o) ^ 15 * * * • • (®®) 

In the case 6*, - 0, ivo have L » and (29o). (296), (31) and (33a) lead to the 

reBults 

pin *)« - ^ f - 

' 3 J„4otM+**(1-*i«) 

- c/, . ** \*. in . 


pin *)« - ^ f - 

' 3 J„4OTM+i*(l-*i«) 

^ 4 wi*c*. /, 4f»*c*\|, (/. i* \4 in 

- “ 3 L“ 3 - -iT+V +-W-) ^ (0 +45Sp) +^}] • • 

•• U»l 


and 

When i* m*e*, we get 
and 


Hence from (28a) and (286) one has 

fi.O _ « f 1 / » \* 


fO(U\ a JL 1 ^ i* . 

•' ' ’ 60 m*c« ■’*840 

mm - - J J. ^ . 


for the scalar meson theoiy, and 


for the vector meson theory* 
Ba 
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3 The Fvnotioe 17(f) 

In our Hubfiequent discussion wo shidl restrict ourselves to the tune independent 
/4o obtain an expression for the induced charge in a form given by Ur Uehling in 
the positron theory In tins case bb 0, we have from (23a), (23b) and (28a), (28b) for 
the induced charge density 

8jo (»') “ - £ ^ (390) 

for the Boalar meson theory, and 

(39b) 

for the vector meson theory, whereand are given )and (306) respec^tively 

If now there be a contmnouB distribution of inducing chaige we have for the 

scalar potential 

<4o(r') “ * J“I(f'k)*' = ^^Jjo(»') pxp “ ^(iTt)*'. (40) 

and for a single Fourier component with wave vector k 

^0(1*) - ^J'7o('') ^ Jjo(*') V* exp (rk)*' 

“ W ®*P - (^1) 

where r «* r'—r' On partial mtegration 

^(»') “ - ^ J®*P “ ^ (*) V*jo(»')*' - ^ J®*P “ g V*Jo(»')<*' (42) 

Hrace combining all the Founer components, we get from (39ri) 

«« -K 83s//^“I' -i'*' v«;.(r-)*-* 

•™J(70(r)v*jo('W • • (««) 

for the scalar meson theory, where 

and from (39b), (36b) and (42) 

^ J tf w [ 7*„r)+|(;^Vsr)] *■ 

“Sj [W+ 50 'vWrt]vW)*- 
«^J’£/i(r)vVo(0*' .(«^) 

fbr the Yeotor meMm theory, where 

W-w^+i(^*vw--’(to)* 


. (44b) 
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If we now substitute the integral (36a) for in (44a) wo can integrate it fdlowing 

Pauli and Bose and have 


VO{r) - _ i [(_ I f*+ i)jCo(2f )+^ (fa-2)jri(2f)+f(-1 f«+3)B(2f)] . (45a) 


where f b — r ■■ kt, Kq{x) and K\(x) are the well-known integrals fm the Bessel 
funotions of the second kind *, 


1 

and £(a?) is an indefinite integral of K^{t) 



X I 


Then from (Mb) and (45a), V^r) is obtained as 

UHr) « - i [- i (2f*.H)iro(2f) + J (2^*+l)i^l(2^)-1 (4f*-l)B(2f)] (466) 

The function U^{r) has a singularity at r = 0 and doLrcasos very lapidly to zoio for values 
of r different from zero The behaviour of the tunotion V^r) is far worse at r 0. 

It can be shown that for small values of r, that is, foi f <1 or r < — 

* • » ^ TOC 


and 


where y 


and 


UHr) ~ ^ [y+log(i«f) +|+0(r)] , (40a) 

VHr) - - ^ [^+log(ar)+y- i+0(f)] , (466) 

0*6772 IB the Euler’s constant. We can also show that lor large r 

(47a) 


VHr) ~ ^ +0(r-»)]. 


VHr) 


7Vw 1 

24 


e- ^'''■[l+0(r“>)] 


(476) 


It should be noticed that both V*{r) and V^(r) tmid to — oo as r-M), and they approach 
the value zero from the negative side as r-»-eo VHr) and VHr) are negative for all 
values of r, that is, whatever may be the values ? and r' Hence the sign of tlie 
mduced charge is the same as the inducing one in both the theonee in those tegims of 
space where the sign of the Laplacian of the inducing charge is negative Further if 
tne Laplacian of the inducing charge exists in a certam region of space, the induced 
charge will exist in those regions and also m a small range of space of the order of the 
critioal len^ k**^ surrounclmg those regions To get an ^iproxiniate expression fbr 
the induced charge we expa^ about the pomt r by Taylor’s expatudon 

and if the Add is a slowly vaiying one we can retain only tiie first term in this expansion; 


* Wetiwn, Theory of B sssei PUnstwas, |6.8 
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theo smoe the integral of V^(r) or V^{r) over space ^ ^ 

(436) as a first apjiroxunation 

““25^ * flO (^) 

and 

“-S 

which are m agreement with the first term of (38a) and (386) respectively 

It IS alrei^y seen that there exists an induced charge distribution m the immediate 
neighbourhood of space varying external charges An immediate consequence of this 
corresponds to a new term in the mutual potential of the external charges when the charges 
are very close to one another within a distance of the order of the cntioal length These 
forces ^1 ncit in general be Coulomt) forces and the deviations may be (*omputod directly 
from (43a) and (436) For point charges these deviations can be easily calculated from 
the mtera^ion energy matrix, and this will be done in the next article 


4 Deviatiok pbom the Coulomb Potential 
Tlie mteraction teim associated with the scalar potential Ao(t') is given by 

H' — eJ^o0*/54^dr' = 

^ p p' 

X {«(P')«+(P')+<>*(P')«-(P')} J^o('')«*!» ^(P'-P.»')*' 

Suppose there are two fixed point charges Z'e and 2>*e at and r, separated by a distance 
r m I > 1 1 Under the influence of the mutual field of these charges pairs of mesons 
are created and annihilated The total energy of the pair distnbution can be obtained 
by using the pertiurbation matrix for creation or annihilation of pairs os given by 
(48) from the expression 


One then obtains by the usual method 
™ {«+(P)*/*4«“(P')}{«-(P')*/54“+(P)} 

mv)+E(v') 


j ilo(r')<?xp I (P'-P. »')*' 


X J «P j (P-P'. 


On summing over the directions of polansation in the states p and p', replacing the 
summations by mtogrations and deflnmg p' = 4+k/2 and p ■■ 4"k/2, we get 

for the scalar meson theory; and 

** - - f* “!> -i »• 

* {<—•'>’+533 («•*'-**) 5 '^ 


. (806) 
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for the vector meson theorj', where c and e' are defined by (22). After Babtraotum of 
the BmgulantieB as before, (60a) and (606) asaume the forms 


^ exp - J (k.r'-F'). (61o) 

aiwl 

- - 12^ j*>lo(r')dr'J^o{r')*'Ji>Wkf *(**) exp -i(k.r'-r'), . (616) 

where /*>(**) and are Riven by (36a) and (306) respectively If we now introduce 

the potential we have from (40) 

JAo(r') exp ^ (kr')dr'« [ Z'exp ^(kr,) +Z' exp | (kr«) ] , 

jAo(r*) exp -1 (kr')dr' « j^Z'ex]) - ^ (kr,)+ZVxp - ^ (kr^jj 


On substitution of these quantities in (51a) and (515), the terms depending on Z*^ and Z*^ 
alone represent the oontribution to the proper energy of the charges, and the product 
. tern represents the interaction energy We then get 


and 




s*. 

int 


A%tfl 


4j4ir* 




(62a) 

(626) 


where (7°(r) and (/^(r) are defined by (44a) and (446) Thus the motual potential enwgy 
of two fixed point oharRcs Z'e and Z'e separated by a distance r is 

P(f) - Z'ZV [J - ^ (r)] (fi3«) 

for the scalar meson theory, and 

Fi(r) - p C7»(r)] • (636) 


for the vector meson theory Since V^{r) and ^Hr) an negative for all values of r, the 
deviation from Coulomb law is always positive for like ohorges m both the tiieones. 


5. BhiASTIO SOATTBBINO OF HBAVT FaBXKILXS. 

When the distance of separation is of the order of the ontieal lengthtiie deviations 
from Coulomb field discussed in the previous article become effective and may perhaps 
be detected by scattering experiments. It has already been pointed out tiiat all tM 
calculations of the present theory are based on the assunmtion that the field strength 
should always be small compared to the ontocal fidd lx the obaige <« the paroles 

18 not greater than Ze then the condition |B| < means only that tiie distance 

of separation of particles must be greater than (aZ)lK~i Hence m order that our 
calculations may be within the range of the valkhty of the tiieory the energy cff the 
incident particle should lie assumed to be suoh that l^e dutanoe of olosast apnroMh 
IS greater than this distance (M this supposition the deviations die seattemg fur 
a (Coulomb field are to be found m the present section, 
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Sinoe the deviations from ordinary Coulomb scattering will be important only for 
high energetic incident particles the Bom’s approximation may be used According to 
Bmi’s theory the scattered amphtude for unit incident flux scattered by a fixed soattermg 
centre is 


f 

27r»«J 


F{r) e*i) ^ (e-n, r)dr. 


where 6 is the unit vector in the direction of incident particle, n is the unit vector in 
the direction in which soattenng is observed, 9 is the angle between e and n, p is the 
initial momentum and M is the mass of the incident particle Tf Z'e and Z'e be the charges 
of the incident and scattering particles, then the mutual potential energy V{r) is given 
by (53a) in the scalar meson theory and by (53{p) in the vector meson theory, F(r) being 
the Coulomb potential plus the deviation from it On evaluation of the integral (54) 
we get 


2;)* 


(66a) 

for the scalar meson theory, and 



MZ'Z’e' ,0r 

2p* 


(66ft) 

for the vector meson theory, where 



0 .,,,. -mi) - - - 5 - +(■+s) ’'*{(' +5 + 2 -!' 

(66er) 

OHD m -.}/»(2) = (l- 


(66ft) 

, 2p 0 

1 B -£• sing , 

mr 2 

• • • s s 

.. (67) 

where m is the mass of the meson The first term 

in (55a) or (566) gives the ordinary 


Coulomb scattering and the second term is the contribution to the deviation from this 
scattering law For small values of 1 

. .. ( 68 ) 

and for large 1 

and . .. (69) 


Renoe for small valnes of 2, the deviation from the Coulomb soattenng is finite and amaO 
for all values of fi m both the theonee The^fiinotion 00(2) has no rm zeros, while the 
fimotion 0^(2) has only one real zero at 2« \/ 3 For particles of a given incident vekwity 
the futtotion 0^(2) of the scalar meson theory nses rapidly with mcreaaing 0 m the neigh- 
bourhood of 0 ■ 0 and then assumes practically constant value increasing witii 0 as 
logarithm of sin 0/2 throughout the major portion of the angular range Cto the other 
hand for partides of given incident velocity the fiinotion 0^(2) of the vector meson theory 
rises rapidly with increasing 0 in the neighbouriiood of 0 » o and remams positive up to 
the value of 0 fbr which 2 3 at which it attains the zwo value, and afterwards it 

htH wme s negative, die absolute value increasing rapidly witii 0 practically as quadratic 
fimotion sin 0/2 for the rest of the portion of angulw ranm Thus aooording to the 
mescm theory the deviation from ordinary scattering law is praotioaDy oonstont 
*ii«i has a small magnitude, and so it has very little ehanoe of experimental deteoticm; 
but this oflfoot as olwned from the vector meson theory mw perhaps be detected bv 
ezpeninent. It must again be pomted out that for very close distance of a^roaob 
whkfi is possible when the energy of the inoklmit particle is very high, where these 
devbtioM may be luge, tiie theory may not be i^phcd. 
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VARIATION IN THE RATE OP GROWTH IN PLANTS 
Ry C V Ksishna Iykkgar, Departmnd of Botany, Umvernty of Myaon 
(rommunioated by Prof S P Agharicar, M A , Ph D , P.L S , P NI) 

{Recftved Apnl 1943, Bead August 27,1943.) 

Extensive work has been done on the growth of plants. An old referanoe on this 
subject happens to be the observations oS Sachs (1873), who has selerted increase hi 
len^h to explain the rate of growth While many have studied the rate of elongation 
for determining the rate of growth others have selected either the leaf area or the dry 
weight of the plant or both for this investigation Gregory (1021) studied the length, 
breadth and area of leaves of some plants and hmted that the rate of growth satisfied 
the ‘Compound interest law’ of Blackman (1910). Bnggs, Kidd and West (1020a, 10206) 
have analysed the growth of maize plant m terms of dry weight and leaf area, and ex> 
plained the weekly increase in the plant Miller’s wm^ (1926) is also in the same direotion 
Numerous attem^s have been made to give a mathematical expression to explain the 
rate of growth Nackman (1910, 1920), Robertson (1023), Gopeman (1028) and Gregory 
(1928) are some of the people who advanced equations. Most of these equations ore 
based on the assumption that the average rate of growth fiir a particular plant is constant 

Several investigators have tried to explam the periodic fiuctuations m the growth 
Sachs (187$) mentions about the dai)y ‘rhythm’ in the growth rate of ^ants, this indi¬ 
cating a sin^ curve in the course of 24 hours But Pnesner’s (1020) observations on 
the radicles of Cuewfbda and other plants point out that instead of a single curve there 
will be 2-4 curves or osoiUations in the rate in the course of a day He mentimis that 
even under artificial lUummation and constant external conditions a similar feature is 
manifested and suggests that a distinction should be made between ‘I^nodicity’ and 
‘Rhythm’, the latter, aooordmg to him, denoting the oecillaticmB definite and tegular 
and not related to any external influence Thus the word ‘rhythm’ used by Sachs is 
actually periodicity Since growth is the result of several metabokc processes m plants, 
fluctuations in these may result in the variations in the rate of the former. The author’s 
reinvestigation of the sevei^ activities (Krishna Iyengar, 1042 a, b ; 1943 a, b, e) indicate 
that there are variations in the rates of all these even under constant conditions A pre¬ 
liminary note on the growth of the coleoptile of Zea Mays was published by the author 
(Krishna Iyengar, 1842o) some time ago, to explam as briefly as possible the oocunenee 
of these oscillations in the rate at short intervals ^e authw’s observations on the 
rate of elongation m some plants form the subject matter of the present paper 

Matbbiaia akd Msttods. 

The radicle of DoKehos I/Mab, coleoptile of Zea Mage, petiole of Coloeaeia ap, leaf 
of AUium Oepa, peduncle of a species of Begoma and the flower bud of Lthum sp. are 
selected fbr the present paper. These were studied under constant artiflcial lUnminatum. 
The plants were left in the room for several hours before recording was started The 
room temperature varied fera day to day raiming from 74* to 76* P, but during the ahwt 
periods of observation the temperature as also percentage of atmospbeno humidity re^ 
mained constant. ^ optical lever was employed to reccud growth, and the magni¬ 
fication made use of was between 2(K)0 and 3000 ^Die time intwval of the readiim 
^iqisned to be } minute for the ooleoptUe and | minute for the rest The reemos 
ate mostly of 10 to 16 ihinates duration Nutation eflects were found to be almost nil 
during the sh<wt periods of <d)servation Contred experiments were perfrirmed on dead 
material emptoying a similar nuq(nlfl<M^io» There was no change in the positioa of the 
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lever While drawing the ^phs the ratea obtained are magnified four thnes to enable 
proper reproduction of the ngurea after reduction. 

Obsebvatiok» 

Fig. 1 shows the rate of elongation of the radicle of Dckchoa at intervab of ^ minute. 
The alternating peaks and hollows indicate the fluctuations in the rate from time to time 
When the major peaks are taken into account it may be stated that these appear at 



Fxo 1 Graph showing the rate of elongation in the radude of 
Doltrhoif LabUib x SOOO. 

intervals of 2-4 minutes and rejHresent very high rate of elongation If the minor peaks 
are also considered then it is noticed that the fluctuations in the rate of growth occur 
at short intervids of ^ to 2 minutes 

The next figure (Fig, 2) is that of the cdeoptile of Zea Mays and shows two graphs 
A and B, the former mdioatmg the growth curve and the latter explaining the rate of 
elongation at intervals of 10 seconds The growth curve (A) shows series of undulations 



Time m minutes 

Fia. 2 Graph showing the growth ounre (A) and 
the rate of elongatim (&) m the ooleoptUe 
of^Jtfoye (a) xSOOO. (6) xlSm 

although the external conditions were maintained ooniflraist. There are sign i fica n t flnctua- 
turns or oscillations m Gn^h B, and their number happens to be quite largOr The time 
interval between successive oscillations happens to be | to 1 minute or shgbtty mm. 



0 V KKtSHKA ITBKOAll VABIATIOK IN THE RATE OF OROirTH IN FTJINTR 353 


Th6 rate of elongation of tho petiole of C6laca»M sp is shown in Fig 3. The graph 
indicates that the growth rate is rarely steady, but la often given to a senes of fluctuations 



Fia 3 Orsph Hhawing the rate of elongation in tho petiole of 
C^easui Kp X 8000 


even at very short intervals The frequency of these fluctuations or oscillations in the 
rate may be taken to be the same as before The next figure (Fig 4) is that of the leaf of 
AIhum Cepa, the recording of which is at | mmute intervals The graph shows signi¬ 
ficant fluctuations in the rate of elongation The time interval between the successive 



Fin 4 Graph nhowing the rate of elongation m tho leaf of 
A U%um Ctpa v 8000 


oscillations seems to bo | to 1 minute or more Although the period of observation is 
short there are three pronounced ponods of growth the first two being over by about the end 
of the 6th and 9th mmutes respectively, indicating thereby that a high rate of activity 
goes on only for a few minutes and tiiat this is followed by one of reduced rate There 
are altogether 13 osciQations in tho course of 12 mmutes, some occurring at intervals 
of I minute, others taking a mmute or more 

Smoe the rate of elongation was appreciable the pedimclc of Begonia species was 
next selected to explain the variation m the rate (see Fig 5) Tho readings are at intervals 



Fio 5 Graph showing tho rate of elongation m the peduncle of Btgmia sp x SOOC 


of I mmute The graph shows not only the frequency of oscillations but also tho signi¬ 
ficant diSimface between tbe maximum and minimum rates of elongation Fig 6 shows 
the rate of elongation of the flower bud of L%hufn sp The pedicel did not show appre- 
eiakde linear ohimgeB during the elongation of the bud, althaugh the growth was watched 
from day to day. Thus tho record presented may be taken to reprosont only the rate 
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of elongation of the perianth lobes During certain periods the growth rate is negligible 
while at other times this is highly pronounced The number of smaller and larger oscilla- 



Fzq fl Oraph showing the rata of elongation in the flower hud of 
Ltltum ap X 8(^ 

tions is 16 during a penorl of about 16 minutes showing an average of oiio oscillation per 
minute, although the time interval between the mrcesHive osoil^tions may be taken to 
be generally between f to 2 minutes 


Ck>NCLUSIO> 

The above observations indicate that the rate of elongation is made up of a senes of 
fluctuations instead of being uniform Whether the readings are taken at mtervals of 1 

mmute or more there are oscillations m the growth, the most significant venations in 
the rate being, however, notu ed when the recording faterval is less than a minute The 
oscillations occurruig at intervals of | to 1 mmute or slightly more will be missed when 
readings are taken at mmute intervals Similarly the oscillations at mtervals of 2 to 6 
minutes or 10 to 16 minutes may be lost when tm recording mterval is proportionately 
longer This has been explained by the author m his paper on the autonomic movements 
of leaves (Krishna Iyengar 19426) It is also notioed that a period of huh rate of activity 
IB always followed by one of depressed rate, these indicated by the OBOwatioos Friesner 
(1920) mentions about 2 to 4 oscillations m the rate of growth dniing a period of 
24 hours, the time interval between successive oscillations thus being sevwid hours. 
But the present observations indicate that ihete are osoillalaoDs appearing at even 
shorter intervals, some appearing at intervals of } to 1 or 2 mmntes, while others 
appear at mtervals of 2 to 6 mmutes and 10 to 20 mmntes or more According to 
the author the oscillations (at intervals of a few bouts) as explained by Itieener ate 
the result of long interval readings and that these ou^t to be oomposM of a aeries 
of oscillations at shorter intervius, the long mterval between the successive readings 
being responsible for the absence of the several kinds of oscillations The author has 
already explained in his previons papers (Krishna Iyengar 19^, 19^) the impor¬ 
tance of short mterval readings in atudyuw the variona activities of plmits A diagtam- 
matio representation of the oscillations (i^. 7) is givmi bebw to exiflain the dirorent 
ty]m of osoiUations and their rdationahip The manifiNitation the diffisrent khids of 
osidllations seems to be the oharaotenstio matnre of mai^ activities of plants. Aocoiding 
to the author each pnmaty oscillation takmg several honm is oonqwaed of aeveral seconda^ 
oscillations at mtervals ranging from 10 to 20 w 26 mmntes, the latter in their torn mads 
up of tertiaiw oseiUations at intervals of 2 to 6 minutes, while the third kind b conmoss d 
or a series of oaoillattons at shorter tlme-intervids (^ to 1 or 2 mhuttes). ^le frmr Mnds 
of osciUaiions may be styled as the oscillations of tto first, second, third and fliMirth ocdMs. 
All those appear even when the external condltionn am oonstant and indioate the eadstenoe 
of a rhvthm in the activity 
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There are several external and internal factors affecting the rate of growth, hut a 
detailed enquiry into the former is unneoessary since the oonditionB were mamtained 



Time in minutes. 




Fra 7 A dmgrsmmatio representation of the several types of OBOiUatione 
and their relationship (A) Primary osoillation (dotted Ime) 
and Beoondary osoillations (bold Ime) (B) Becondaty oaodla. 
tion (dotted Ime) and Tertiary oeoiUations (bold hne) (C) 

Tertiary osoillation (dotted hne) and Momentary osoillations 
(bold line) (Part of Fig 4 ) 

constant during the brief periods of observation However, a mention of the work of 
Silbersohmidt (1926) and Went (1925) may not be out of place Bilhorschmidt has studied 
tito effect of temperature on the growth rate of the ooleoptileB of Avem and Trttteum and 
recorded growth at intervals of 5 minutes The data show that there ate significant 
fluctuations in the rate generally at mtervals of 10 to 20 mmutes even though the tern* 
peratuie happens to be constant for a long period, but this feature has osoap^ the notice 
of the author. Similarly, Wont’s work on the Avem cdeoptilo mdioates fluctuations 
m the rate of growth from tune to tune, even when the lUummation remains constant. 
It IS strange that both the investigators should have failed to notice this feature although 
ill both oases the recording is at short mtervals. 

Water-content of the plant body is an important factor deciding the rate of growth 
According to Sachs (1873) oonsiderabie tuigor pressure in the cells by the absorption of 
water resmts in a ver^ high rate of elongation, and any flnotuatioa m the former neoessimly 
results m the variation of the latter The authiv’s observations on the leaf movements 
and the fluctuating weight of plants (Krishna Iyengar, (19^, 1943 b, e) indicate that the 
turgidity of the plant bray will be varying from tune to time, the balance of water-cemtent 
being either positive or nogative, this affecting the tuigm pressure in the oells A similar 
feature in the present members probably accounts for the noticed variations m the rate 
of growth The ‘rh}rthmio change ’ in the potential in the plant body at sbwt intervals 
and the ‘pulsating nature’ of the growing organs as explahied by Bose (1923, 1927) go 
to confirm the author’s idea of the existence of a rhythm in the fluctuatum of the water- 
content of the plant. 

An equally important factor dotermuung the rate of growth happens to be the actum 
of the growth hormones. Boysen-Jenson (1910), Wont (1928), Heyn (1931) and many 
others have emphasised the importance of this factor llie data of Heyn (1931) indioate 
a variation in the nste of growth of Avem ooleqptile even though the reoording is at | 
hour interval. Just like Silbersobmidt and Went even Heyn has &iled to notioe this 
feature. Although the hormooio action is eatal 3 rtie still the number of units and the 
tone of the hormones acting at a particular place may decide the rate of growth Smee 
the honnones are inUmatd^ associated with the pioto^asm any variation in the tone of 
the latter due to the sevem metabdic aoturlHee will necesaemy result m the vsriatkn 


366 C V KBISUIA lYXKGAB. VABIATION IN T&S BATK OF OBOtTTH IN PLANTS. 


m the rate of hormone production and the mtensity of its action^ with an immediate eflfoot 
on the rate of growth Thue, it eeeme highly probable that the produotiDn and activity 
of the hormones are also open to fluctuations, if one can judge from the significant fluc¬ 
tuations m the rate of growth In conclusion it may be stated that growth is as much 
open to periodic and rhythmic fluctuations as several other activities of the plants {Krishna 
Iyengar, 1942 a, b, 1943 a, h, e) 

SutfllARY 

The radicles of Jkkchoa Lablab, Colooptile of Zea Mays, petiole of Ckflocasia sp, 
loaves of Alhum Cepa, peduncle of Begonia sp and the flower bud of jMtum sp were 
selected for investigating the rate of elongation 

The plants were studied under artificial illumination and constant room temperatures 
and humidity Beadmgs were taken at intervals of i) i or 1 mmuto acoordu^ to the 
needs, and the magnification employed was between 2,000 and 3,000 

The graphs represented inchoate that the rate of elongation is rarely constant and 
that this IS given to a senes of fluctuations at short and long intervals 

The fluctuations or osciliations m the rate appear not only at intervals of a few hours 
but also at short intervals of 10 to 20 mmutes, 2 to 5 mmutes and even ^ to 1 or 2 minutes, 
indicating thereby the existence of a rhythm in this activity 

Vanation m the water-oontont of the plant body from time to time and constantly 
changing tone of the protoplasm (due to several metabolic activities) with the consequent 
fluctuation in the rate ot action of the growth hormones seem to be directly connected 
with the noticed oscillations m the growth rate 

The author expresses his mdobtedness to Dr S. P Agharkar, M A«, Ph D , F L 6 , 
F.N I, of Calcutta Umversity for his kmd encouragement. 
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Nineteenth Ordinary General Meeting. 

The Niueteenth Ordinary General Meeting of the National Institute of Sciences of 
India was held at 5-30 P H on Friday, the 27th August, 1943, m the h^ of the Royal 
Asiatic Society of Bengal, I Park Street, Calcutta 

Pnteni — 

Prof. 5 K Mitra, Vtc^-PfwtdetU, in tho Ctiair 

itai Bahadur Dr K 14 BagcVu, Honmtiry Treasurer 

Bat Bahadur Dr S. L Hora, tSdUor of PMvxUtona 

Dr K Banerjee 

Dr J A Dunn 

Prof B C Guha 

Dr. A C Jofthi 

Prof P Ray 

Prof M N Baha 

Dr S C Strkar 

1 The miuutee of the Eighth Annual Ooneral Meeting, held on the let January, 
11143, were read and oonfirmed 

2 Dr S C Eirkar signed the duphcate obligation and was admitted as a Fellow 
as per Rule 13 of tiie Rules of the Institute 

3 The following papers were road.— 

(1) 8truoture and development of the ovule and emlnyo sao of Ptper longum L 

Dr A C Joshi 

(2) Exoiiation proeesses of the Night Spectrum By Mr 8 N Qhosh (Com* 

munioated by Prof S K Mitra) 

4 in the absence of authors the following papm were taken as read — 

(1) The Spennatogenesis of IchihyophtagluUnoaus Lmn Parts Spermateleosis 

By Dr B R Seshachar (Oommumoated by Dr B Prashad.) 

(2) On a new Coooidium, A'lmerta htmtUoffarmm NSp from the intestine of a 

Himalayan toad, Bufo himtUayanwi Bouhnger By Dr H N Ray and 
Mr, P L Mura (Conununioatixl by Dr B Prashad) 

(3) Studies m the family Alismaceae V The Embryology of Maekaeroearput 

ocdi/Dmieus (Torr) Smali By Dr P Maheshwan and Mr Balwant Smgh 

( 4 ) ThennodyiutimoB of a Fermi*Dtarc gas obeying Bom’s modified Quantum 

Statistics By Messrs Bnj Nath and F C Auluok (Commumoated bv 
Dr D 8 Kothari) 

(6) On the finger uaib and nail phalanx of twins By Mr S 8 Sarkar (Com* 
muaioatra by Dr D M Bose ) 

(6) The idfoot of Boreemng on the Bremsstrahlung and pair creation processes and 

its oonsequmoe on the Cascade Thewy By Mr 8 K Chakrabarty 
(Communicated by Prof H J %abha) 

(7) Varution m the mowth of Plants By Mr C V Krishna Iyengar (Com* 

mmuoated by Prof 8 P Agharkar) 

(8) Polarisation of the vaounm m the Meson Theory By Mr 8 Qupta (Oom- 

munioated by Prof N B. Sen) 

(8) On some ArohUnnehds of the Madias Coast. By Prof B. Gopala Aiyar and 

Mr. K H. Altlnmlil 

With a Tote of thanks to the ohaur tiie meotmg tecmmated 




Twentieth Ordinary General Meeting. 


Hie Twentieth Ordinary QenereA Meeting of the National Institute of Sciences of 
India was held on the 27th and 28th Sqitember, 1943, in the hidl of the Royal Asiatic 
Society of Bengal, 1 Park Street, Calcutta, m which a SympoBium on 'Post-war organisa* 
tion of Scientific Research m In^a ’ was held 

The following Fellows of the Institute were present — 


Hir Jaan Chandra Ghosh, Pre&%den$, in the Chair* 
Prof S K Mitra, I'tec Prendcni 


Bai BahcMlur Dr K N Bagohi, Honorary Troasuror 
Prof J N Mukheriee, Fomgn Storoiary 
Rai Bahadur Dr 8 L Horn, SdUor of PaUusaiutno 
Sir 8 B Bhatnagar Prof* P C Mahalanobis 

Prof K Banerjee Prof P* C Blitter 

Prof 8 R Bose Dr K O Naik 

Dr J A. Dunn Dr* C W B Noiraond 


Dr B N OhotO' 
Prof J Ghosh 
Dr P K Gliosh 
Prof B C Guha 
Dr B1 Ishaq 
Dr K V luishnan 
Dr R B Lai 


Prof P Ray. 

Prof M K Saha 
Dr P B Sarkar 
Bfr B M Ben 
Dr H K Sen 
Prmoipal J M Sen 
Dr A C Ukil 


Prof 8 P Agharkar, Honorary Secretary 


About fiO visitors, including representatives of science departments and delegates 
of learned societies, were present and took part 

The Hon’ble Azizul Haque, Member of Council for Commerce, Qovemment of 
India, maugurated the Symposium 

He was followed by the President, Sir Jnan Chandra Ghosh Papers were read m 
which the general pnnoiples underlying Ihe plannmg and oo*ordination of scientific research 
and the coimtitution of the orgamsatioiui for the purpose as developed m the leadmg 
nations of the world were expiated, account was given of the work &ne by the various 
research institutions m India (Government Departments, Universities am other un¬ 
attached institutions) and attention was drawn to the problems Cscmg post-war India 
Hie following gentlemen participated in the discussion — 

Sir J C Ghosh, Dr K G Naik, Prof M N Saha, Sir S S Bhatnagar, Dr J de 
Graaf Hunter, Dr 0 W B Normand, Prof J N Mukherjeo, Bai Bahadur S L Hora, 
Prof S K Mitra, Prof B C Guha, Dr J A Dunn. Prof P C MahalanobiB, Dr H K 
Sen and Ftof S P Agharkar 

Papers were also received for discussion from Dr J B Grant, Sir Cyril Fox, Sir John 
Taylor, Prof H J Bhabha, Dr D. M Bose, Prof V* Subrahmanyan, Lt -Ol S 8 Sokhey 
and Bao Bahadur B Viswanath 

After the reading of papers, proposals for the constitution of a National Research 
Council were discuss^ and the following resolutions were adopted — 

I The Council of the National Institute of Sciences of India be authonsed to take 
neoessazy st^ for the organisation of a National Research Council constituted under the 
statutory authority of the Govnnuaent of India The National Research Gounod shall 
be directly responsible to the Oovemment and have the following functions 

(a) To plan the mam lines of soientifio work in accordance with national needs, 

to fomiulate schemes for the above purpose, to review and modify the same 
whenever neoessazy and to recommend ways and means for implementmg 
the results of aooomplished researches 

(b) To amiire balanced development of all branches of Science, and mmuniae 

overlapping 
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(<;) To advise and help relevant authonties regarding the training and supply 
of scientiflc personnel for pure and appb^ research 

Constitution. 

Nattofud Research Council 

The National Research Council shall consist ot scientific and technical experts not 
exceeding 60 m number, the majority of whom shall be elected by non-offimal scientific 
organisations, mcludix^ Universities and mstitutions of University rank, the remaining 
number being nominated by the Government of India from among the scientific and 
techmoal experts The Present of the National Research Council shall be nominated 
by the Government of India from among the members A Vice-IVesident shall }>e elected 
by the National Research Council from among its members A whole-tune salaned 
Secretary shall be appointed by the National R^earch Council for carrying on its work^ 
who will not be a member of the Council 

Govenung Body of the Naiwnal Research Council 

There shall be a Governing Bodv of the National Research Council which shall consist 
•of the following — 

The President and Vice-President of the National Research Council and the 
Chairman and Vice-Chairman of each of tiie Boards, 

Boards of Research 

For the performance of its functions the National Research Council shall constitute 
the following Boards of Research from among its own members, each of which wdl be 
responsible, within its own particular sphere, for giving effect to the policy of tlie National 
Reimrch Council 

1 Board of Scientific Research, 

2 Board of Agricultural Research (Soils, Crops and Animal Husbandry), 

3 Board of M^oal and Public Health Research, 

4 Board of Engineering Research, 

and such other Boards as may be considered to bo necessary. 

The maximum number of members of each of the Boards of Research shall be 50. 
The National Research Council shall appoint the C!hairman and Vioe-Chaiiman for each 
Board and shall co-opt eminent scientific workers m different branches m consultation 
with non-official scientific organisations, Umversities and mstitutiona of University rank, 
scientific departments of the Government and Federations of Chambers of Commaroe. 

Research CommvUees 

For the perfonnanoe of its work, each Board will be authorised to constitute Research 
Committees for all important subjects, to settle the objectives of reaeoroh, indicate the 
individuids or organisations which could undertake the several component parts of the 
enquiry, receive and oo-ordmate the resulting information, moke it available to those who 
will turn It to advantage and to form a national plan mto which all who are m a poaithm 




National Research laboratonee, when established, shaO be constituted in ocmsultation 
with the relevant Besearoh Committees 

II The Government of India be requested to fiwm developmeot oocpmtKms for tiie 
performance of functions anaJqgous to those perframed by tiie BeseatchlSnienitiaM Ltd. 
m Canada The Nahumal ResMroh Council Aall be represented <m the Govecmn^ Sodtes 
of the development corporations 
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III, To enable efifoot being given to the policy of Boienti&c devdopment determined 
by the Nalaonal Research Council, the Gtovemment of India should make an annual 
grant of five orores of rupees per annum 

It was resolved fiirther that these proposals be circulated to the Government Scientific 
Departments, Umvorsities, learned socio^ee and unattached institutions for expression 
of their views, and discuss^, with a view to their being given ejBfoot to, at another Symp o 
Slum meeting to be held at Ddhi towards the end of the year at which representatives 
of the relevant organisations would be mvited to be present. 

Fellows and viators were entertained at a tea party given by the President and 
Calcutta Members of Council of the Institute 

With a vote of thanks to the chair the meeting terminated. 
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